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THE CARBON DIOXID AND OXYGEN CONTENT 
OF STOMACH GAS IN NORMAL PERSONS 

ARTHUR D DUNN, MD, and WARREN THOMPSON, MD 

OMAHA 

The complaint of eructations of gas, or “gas on the stomach,” is 
so common that any contribution to the knowledge of the chemistry 
and source of stomach gas should be of interest The subject has been 
studied more or less intensively from time to time, but a review of the 
literature shows that moie accurate methods must be employed in its 
investigation in normal as well as m abnormal persons before knowledge 
of much clinical value is obtained Most of the literatuie appears under 
the caption of aerophagia, and has to do with the nervous origin and 
treatment of the unpleasant symptom of gas belching, but does not deal 
with tlie composition of the gas Toward the end of the nineteenth 
century impetus was given to the more serious investigation of stomach 
gas by the discovery of inflammable gases in the stomach in certain 
cases of pyloric obstruction, and an extensive literature arose on this 
subject alone, since that time the view has prevailed that except for 
air swallowed in food or saliva, and by “air swallowers,” the chief 
sources of stomach gas are fermentation and putrefaction 

Planer,^ in 1860, was apparently the first carefully to investigate 
gas occurring m the stomachs of normal men and animals (Fleisch- 
fresser) He maintained that carbon dioxid occurred exceptionally in 
the stomach, was constantly present in the intestine and that it was a 
product of fermentation Planer’s views were based largely on the 
examination of the gaseous contents of stomach and intestines in dogs 
recently killed, and prevailed until Schierbeck ^ reopened the subject in 
1892 Schierbeck first repeated Planer’s experiments and examined 
the gas found, in human bodies immediately after death Segments of 
the gastro-intestinal tract were tied off and removed, the gas collected 
over mercury and analyzed He found that the carbon dioxid content 
rose as the anus was approached In the stomach, carbon dioxid values 
of from 12 to 20 per cent were obtained, and in the intestine values as 

1 Planer Sitzungsbenchte d Math-Natur Cl d K Akad d Wissensch , 

Wien , 1860, quoted by Schierbeck , , j a i r 

2 Schierbeck, N P Ueber Kohlensaure im Ventrikel, Skand Arch f 

Physiol 3 437, 1892 
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hicrh as 50 per cent were commonly piesent He found nitrogen, some 
oxygen and a trace of h}drogen m stomach gas, while m intestinal gas 
there was much hydrogen and little oxygen In animals he excluded 
regurgitation from the intestine as a possible souice of stomach gas 
by t} mg oft the pylorus In order to obtain estimates in the living, he 
filled the stomach with water at vaiious stages of digestion, drew oft 
the water mixed with stomach contents and estimated the carbon dioxid 
b} diivmg It oft through boiling into a standard baryta solution This 
method permitted of the detei mination of the carbon dioxid content at 
all stages of digestion Shierbeck found that the tension of carbon 
dioxid vaiied fiom 30 to 40 mm (3 9 to 5 3 per cent ) before eating, 
to 130 mm (17 1 per cent ) two houis after ingestion of food Schier- 
beck concluded that theie was a definite increase of carbon dioxid in 
the stomach during digestion He believed carbon dioxid to be a con- 
stant product of the cell activity of the gastric mucosa, and to be an 
expression of the carbon dioxid tension in these cells and not a factor 
of the concentration of carbon dioxid in the stomach wall, because he 
found the percentage of carbon dioxid greater during digestion Schier- 
beck inferred that sodium bicarbonate and hydrochloric acid might even 
be secreted synchronously from the mucous membiane and coming 
together liberate carbon dioxid Hoppe-Seyler ® analyzed gas from 
twent}-two pathologic cases under varying conditions of disease and 
diet, and found carbon dioxid tensions varying from 3 2 per cent in 
a case of post ulcer dilatation to 83 per cent in a case of carcinoma of 
the stomach, and oxygen values varying from none to 17 02 per cent in 
an “air swallower” without dilatation Hoppe-Seylei stated that in 
doubtful cases an analysis should determine whether the gas is swal- 
lowed or comes from fermentation, indicating the clinical application 
of gas analysis to stomach disorders He concluded that the carbon 
dioxid content was greater when free hydrochloric acid was absent (a 
conclusion exactly opposite to the one arrived at by Shierbeck), that 
frequently stomach gas consisted of air which had been swallowed, 
from which a portion of oxygen has been taken and carbon dioxid 
added, and that gas might find its way into the stomach from the 
duodenum He attributed tl e origin of stomach gas largely to bacterial 
action, a view which figures widely m present day clinical beliefs In 
1912, Woodyatt and Graham ^ outlined clearly the problems involved 
in the subject of stomach gases, and studied three cases of acute dilata- 
tion of tlie stomach In a case in which they gave the results of their 
analises, no inflammable gas was found, 24 per cent carbon dioxid, 

3 Hoppe-Sejler, G Deutsch Arch f klin Med 50 82, 1892 
cage Palh 1912 ^ ^ Eesp.ral.on, Tr Ch,- 
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4 per cent ox 3 ^gen and 72 per cent nitrogen , fluid aspirated from the 
stomach produced no gas on incubation at 37 C Woody att and Graham 
advanced the theory that in acute dilatation of the stomach there was a 
lack of available oxygen m the tissues with edema, hemorrhagic or 
serous exudation into the stomach, and impaired muscular tone, they 
concluded that “the distension of the stomach is a consequence of the 
gas evolution in a stomach whose wall is already crippled, atonic and 
unable to expel gas The gas comes at least in part from the stomach 
wall, either directly or as a result of the action of the gastric juice on 
the carbonates of the exudate ” Room air was introduced by them 
into the normal stomach, withdrawn in five minutes for analysis They 
weie convinced that the gastric mucosa had the power of liberating 
caibon dioxid 

Kantor,° in 1918, gave an extensive leview of the literature and 
pel formed a few pielimmaiy gas estimations on an iinselected series 
of persons, aspirated at various mteivals aftei eating The aveiage of 
five analj^ses gave carbon dioxid, 4 1 pei cent , oxygen, 17 2 per cent , 
nitrogen, 79 per cent The carbon dioxid values varied from 2 to 
6 2 per cent 

It is* apparent from the literature that carbon dioxid is the one gas 
constantly pi esent in the stomach, and that carbon dioxid usually occurs 
in excess of the amount found in atmospheric air Therefoie, it was 
thought that a quantitative study of the carbon dioxid content of 
stomach gas in normal persons, under varying conditions, might throw 
some light on the origin of this gas, a subject m regard to which there 
seemed to be no unanimity of opinion, and also be of value as a 
piehmmary to the quantitative study of stomach gas in disease 
Obviously, there can be but thiee possible sources for this excess of 
carbon dioxid, viz (1) Secietion or diffusion of carbon dioxid from 
the stomach wall, (2) production of carbon dioxid fiom the food 
contents by bacterial fermentation, (3) regui gitation of duodenal con- 
tents into the stomach, which seems an unlikely source, as Schierbeck 
found the same carbon dioxid values, whethei the pyloius was occluded 
or open We decided, after a few preliminary analyses m patients 
complaining of “gas on the stomach,” to confine our observations for 
the present to noimals, as we had no basis for the estimation of 
abnormal vaiiations, and to approach the problem in the following 
manner first, to make careful quantitative determination of the carbon 
dioxid and oxygen content of gas obtained from the fasting stomach , 
second, to determine the changes occuiTing in the carbon dioxid and 
oxygen content in atmospheric air introduced into the fasting stomach , 

S Kantor J L A Study of the Atmospheric Air in the Upper Digestne 
Tract, Am J M Sc 155 829, 1918 
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third, to ascertain whether appreciable diffeiences occurred in atmos- 
pheric air introduced into the stomachs of the same individuals, both 
when fasting and after a full meal , and finally, to ascertain whether 
gas was formed by incubation of stomach contents, and if so, under 
what conditions 

In order to leain to what extent carbon dioxid was present in the 
fasting stomach, the following method was used To a T tube were 
attached a duodenal tube, a sampling tube and a Luer syringe filled with 
tap water The air in the system was displaced as far as possible by 
water fiom the syringe, the syringe left attached, and the duodenal tube 
swallowed When the duodenal bucket reached the stomach, the watei 
was aspiiated from the system by the syringe, the rubber attachment to 
this aim was clamped wnth a pinch cock, and the gas collected over 
mercury in a sampling tube Analyses of four samples thus obtained 
fiom fasting stomachs were made with a standard Haldane gas appa- 
ratus and gave the following results 


TABLE 1 — Analysis or Samples Obtained at 8 a m from Fasting Stomach 


Number 

Carbon Dioxid 

Oxygen 

Nitrogen 
(by difference) 

1 

7 26 

16 30 

^6 44 

2 

4 67 

15 10 

80 23 

3 

868 

15 93 

75 39 

4 

6 63 

16 40 

76 79 


It was found that satisfactory samples of gas could be obtained in 
only two out of nine persons on whom the attempt was made Fluoro- 
scopic study of the fasting, as well as of the food containing stomach, 
showed that gas bubbles of sufficient size to furnish 50 cc of gas were 
the exception rather than the rule Rough estimates made fiom fifty 
unselected roentgenograms gave the average size of the bubble as 
approximately 50 cc Even though sufficiently large, the gas bubble 
w^as often so placed that the duodenal bucket, because of its tendency 
to follow the gutter of the lesser curvature, could not be made to tap 
It, furthermore, in the majority of persons examined with the fluoro- 
scope in the sitting or standing position, the gas bubble was found to 
be at a higher level than the cardiac inlet The introduction of a fixed 
quantity of atmospheric air into the stomach would obviate difficulties 
in sampling Besides, there is usually a certain amount of air in the 
stomach wdiich has been swallowed with the food or saliva Therefore, 
atinospheiic air must, as a rule, enter into any gas mixture found in the 
stomach, and the introduction of a given amount of room air into the 
fasting stomach would merely supply the normal gas body, minus food 
and saliva In the case of the fasting stomach, analyses of samples of 
gas taken at varying intervals after the introduction of atmospheric air 
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into the stomach would show whether carbon dioxid was secreted into 
the stomach, and if so, to what degree and at what rate The method 
used was as follows A duodenal tube was introduced into the stomach 
and 300 c c of air was injected into the stomach, the patient instructed 
to avoid belching or swallowing as much as possible, the tube clamped 
and left in situ, and samples taken at varying intervals The analysis 
of ten samples, taken from twenty to thirty minutes after the introduc- 
tion of 300 c c of room air into the stomach gave carbon dioxid, 5 26 
per cent , oxygen, 17 per cent The results of two additional experi- 
ments on successive days in the same subject, with sampling at fixed 
intervals are shown m Table 2 It is noteworthy that in the same 
individual on successive days, under exactly similar conditions, an 
average variation of more than 1 per cent occurred in the carbon 
dioxid and 0 5 per cent in oxygen Inasmuch as the mam body of 
stomach gas following the ingestion of food is obviously swallowed 
atmospheric air, the determination of the changes that might occur in 
air injected into the fasting stomach was particularly pertinent m an 
effort to determine the normal gas content and its sources 

TABLE 2 — Changes That Might Occur When Air Is Injected 
Into the Fasting Stomach 

10 Minutes 20 Minutes 35 Minutes 50 Minutes Aver ige 

Room , ' , , * ^ , » , , * , , * V 

Experl- Air Carbon Oxj- Carbon 0\y Carbon Ox>- Carbon 0\y* Carbon Oxy- 

ment Injected Dioxid ger Dioxid gen Dioxid gen Dioxid gen Dioxid gen 

No 1 300 CC IS 19 3 81 16 9 6 9 17 5 4 1 171 4 98 17 7 

No 2 300 CC 0 2 21 6 2 9 18 0 6 3 16 7 6 4 16 6 3 95 18 2 


Time denotes the Interval between tlie introduction of room air into the fasting stomach 
and the tabing of the sample 

In order to ascertain what influence the presence of food might 
have upon the relative gas values at stated intervals, 300 c c of room 
air were injected into the stomach of normal persons at varying periods 
of time after an ordinary breakfast Controlled analyses of samples 
from the same persons while fasting were also made The results of 
this series of experiments are given in Table 3 It is apparent from a 
study of Table 3 that the rate and degree of liberation of carbon dioxid 
does not depend on the presence of food in the stomach in normals 
In Experiment 1 the average amount of carbon dioxid obtained was 
practically the same m the fasting and m the full stomach , m Experi- 
ment 2 the average amount of carbon dioxid was 0 92 per cent greater 
m the fasting stomach , in Experiment 3, 0 90 per cent greater m the 
digesting stomach , in Experiment 4 the average was 6 per cent carbon 
dioxid in the fasting stomach and 4 8 per cent after food This is at 
variance with Schierbeck’s observations, who found that the carbon 
dioxid tension paralleled the acidity His carbon dioxid estimates were 
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made by driving the carbon dioxid by boiling from stomach contents 
which were obtained by washing with water Boiling acidulated 
stomach contents releases the carbon dioxid from the food carbonates, 
and would account foi the greater carbon dioxid values that he found 
in the presence of hydrochloric acid An Ewald test breakfast acidu- 
lated to a noimal free hydrochloiic acid content will liberate from four 
to five \olume pei cent carbon dioxid The same carbon dioxid values 
obtain whether the test breakfast is acidulated m the stomach by its 
secietion or in vitro with hydrochloric acid That hydrochloric acid 
in stomach contents inlubits the production of carbon dioxid is amply 
borne out by fermentation experiments 


TABLE 3 — Iniluence of the Presexce of Food on Relwive Gas Values 


— 


10 

20 

35 

50 

65 




fej 

p. 

300 0 c 

Room Air 
Injected 

Min 

Min 

Mm 

Mm 

Mm 

Average 


w 

COs 

0: 

CO. 

O 2 

CO 2 

O 2 

CO 2 

0= 

CO 2 

O 2 

CO 2 

0. 

Remarks 

1 

Tasting 

55 

19 3 

58 

18 4 

61 

17 9 

57 

17 4 

4 6 

14 7 

554 

17 54 

Stomach secretion 
with saliva, T A 
15, HOI 6 
stomach contents 
well digested, 
T A 30, HCl 15 


U4. hours after 
full breakfast 

41 

19 7 

61 

181 

71 

16 9 

68 

16 8 

32 

181 

5 46 

17 92 

2 

Tasting 

27 

20 0 

43 

19 5 

44 

17 7 

58 

16 5 

54 

18 2 

4 42 

18 38 

Mucus and saliva, 
no free HCl 


2 hours after 
full breakfast 

1 4 

19 2 

19 

16 8 

40 

18 0 

49 

16 5 

53 

16 9 

350 

17 48 

Contents, T \ 20, 
free HCl 0 

s 

Tasting 

40 

19 9 

49 

18 9 

56 

18 3 

65 

18 6 

71 

16 6 

5 02 

18 40 

Mucus and saliva, 
T A 16, free 
HCl 6 


labours after 
full breakfast 

57 

19 2 

62 

10 S 

6 7 

17 9 

67 

15 7 

73 

16 4 

6 52 

17 2 

Well digested 
stomach con 
tents T A 37, 
free HCl 14 

4 

Fasting 

30 

19 6 

48 

18 4 

76 

17 4 

68 

16 9 

7 2 

17 3 

60 

17 92 

1 glass of water 1 
hr before, 50 c c 
stomach con 
tents, T A 34, 
HCl 20 


1 hour after 
full breakfast 

17 

19 3 

81 

16 9 

59 

17 5 

41 

171 

4 5 

19 0 

4 86 

17 96 

Contents well di- 
gested, TA 34, 
free HCl 20 


Time designated is rumDer of minutes after introduction of room air into the stomach 
at uhlch the s imple vas taLen 

Analjscs of loom air vaiied CO 2 irom 0 9 to 0 23 per cent and O 2 from 20 to 20 97 per 
cent , depending on whether the -nindows were open or closed, the number of people about, 
and the number of flames burning in the laboratory 

In order to deteimine the possibility of fermentation as a source of 
stomach gas, stomach contents, obtained after the usual Ewald test 
breakfast from one hundred unselected cases, were incubated at 37 C 
for tu ent 3 r-four hours in saccharimeters In only thirty-one instances 
was theie any evidence of gas formation as shown eithei by a large or 
a few minute bubbles In seventeen cases only ivas there a bubble of 
sufficient size to estimate In all cases, except three, in which there 
uas any evidence of gas production, there was no free hydrochloric 
acid present In the three cases that showed gas m the presence of 
free hydrochloric acid the total acidity was below 20 All stomach con- 
tents without free hydiochloric acid, except four, showed evidence of 
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fermentation The presence of free hydrochloric acid m quantity in the 
stomach contents practically precludes the production of carbon dioxid 
by fermentation It is obvious from these experiments, as well as from 
the absence of marked difference m the carbon dioxid content in air 
introduced into the fasting and digesting stomach, that fermentation 
can have little to do with the carbon dioxid content m the stomach gas 
of normal persons 

COMMENT 

These experiments show that within an houi after the injection of 
room air into a normal stomach, the carbon dioxid reaches a tension 
equivalent to from 4 to 9 per cent The carbon dioxid values he mostly 
between the pressure at which carbon dioxid is held m arterial blood 
and alveolar air (5 5 per cent carbon dioxid), and m the tissues (from 
7 to 9 per cent carbon dioxid) ® In only one instance m a normal fast- 
ing stomach was a carbon dioxid value obtained ( 10 per cent ) higher 
than that given for venous blood A constant i eduction of the oxj^gen 
content was noted, but the removal of oxygen from the injected air was 
much less rapid than the passage of carbon dioxide into it The oxygen 
content m no instance fell sufficiently to approximate that of alveolar air 
(14 per cent ) within one hour’s tune, and m no instance have we found 
oxygen values as low as those prevailing m arterial blood (from 12 to 
13 per cent ) We must conclude, therefore, that when atmospheric air 
is introduced into the stomach it tends to come into equilibiium as far 
as its carbon dioxid and oxygen content is concerned with the blood 
gases of the stomach wall, rapidly in the case of the caiboii dioxid, 
slowly in the case of the oxygen - This coiroboiates, m part, the experi- 
ments of Ylppo,^ carried out on himself, m which he found that 
atmospheric air, as such, disappeared from the stomach in from forty to 
sixty minutes, that the residue had a ratliei constant oxygen-carbon 
dioxid ratio, which approximated that of blood gases Simultaneous 
alveolar an analyses showed that there was a constant ratio between 
stomach and blood gases In our experiments, however, values much 
higher than those of alveolar air were commonly obtained Of interest 
in this connection are the experiments of Haggard and Henderson,® 
who injected air into the abdominal cavity and found that within one 
hour it came to have a caibon dioxid tension equivalent to that of 
arterial blood and alveolar an 

It is obvious that gaseous mtei change m the stomach is a funda- 
mental physiologic process governed by fixed laws It is not unlikely 

6 Howell, W H A Text Book of Physiology Philadelphia W B Saun- 
ders Company, 1918, p 689 

7 Ylppo, A Munchen med Wchnschr 63 1650, 1916 

8 Haggard, H W, and Henderson, Y J Biol Chem 38 71, 1919 
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that measurable differences in rates and degrees of diffusion may occur 
in pathologic processes such as cardiac decompensation (asphyxia), 
arteriosclerosis, ukei, caicinoma, dilatation of the stomach, hyperthy- 
roidism, aerophagia, etc , and that the study of the variations in gaseous 
interchange occurring in the stomach in both general and in gastro- 
intestinal disease may lead to knowledge of clinical value For example. 
It has long been assumed that belching is a pastime for the neurotic, an 
evil habit of which he must be broken by “psychicar’ measures It has 
been spoken of as an “obsessing tic,” and a “neuropathic predisposition” 
postulated A study of the whole subject of aerophagia in the light 
of accurate gas analyses may reveal a cause of more compelling thera- 
peutic interest for this unpleasant symptom complex than that which 
allows It to be viewed in the yellow light of “neurotic perversity ” 
The question of “why do people with stomach trouble belch gas” has 
never been answered completely 

CONCLUSIONS 

1 Atmospheric air introduced into the stomach tends to come into 
equilibiium with the blood gases within one houi in the case of carbon 
dioxid, and considerably latei, if at all, in the case of oxygen 

2 All the carbon dioxid found in the stomach gas of normal 
persons, whether fasting or after a full meal, can be accounted for by 
secretion or diffusion from the gastric mucosa 

3 In the study of stomach gas occurring in pathologic conditions, 
an upper normal limit of at least 9 per cent carbon dioxid tension must 
be postulated 



STUDIES IN THE CHEMOTHERAPY OF BACTERIAL 

INFECTIONS 

II THE CHEMOTHERAPY OF EXPERIMENTAL LOCALIZED BACTERIAL 
INFECTIONS WITH SPECIAL REFERENCE TO PLEURITIS ' 

JOHN A KOLMER, MD 

PHILADELPHIA 

In serum and chemotheiapeutic investigations in bacterial infections, 
animals are usually infected by subcutaneous or intraperitoneal injec- 
tions of the test mici oorganism resulting m the pioduction of general- 
ized infections associated with bacteiemia and terminating fatally in a 
few days, or in a few weeks, as in experimental tuberculosis As a 
general rule, the test animals are very susceptible to the test micio- 
parasite, and the lesults are evaluated by the duration of the lives of 
treated animals as compared with infected but untreated contiols 

In experimental serum theiapy of such bacterial infections as are 
pioduced by virulent pneumococci, stieptococci, meningococci, anthrax 
bacilli, and so forth, this method is generally satisfactory because owing 
to the low toxicity of the immune serums foi the test animals, relatively 
large amounts may be given to influence favorably an otherwise rapidly 
fatal bacteremia and septicemia But m chemotherapeutic studies m 
bacterial infections the dosis curativa of a medicament is likely to be 
but slightly less than the dosis toleiata oi the dosis lethalis, and rapidly 
fatal and geneialized infections do not disclose possible, although feeble, 
curative effects on the part of the compound undei study, and thereby 
fail to yield mfoimation of value for the conduct of chemotherapeutic 
investigations 

For example, the maximum tolerated dose of ethylhydrocuprem 
hydrochlorid (optochm) for mice, by intravenous and mtiaperitoneal 
injection, is approximately from 20 to 40 mg per kilo of body weight 
When these animals are infected with 50 minimum lethal doses of Type 
I pneumococci, Cohen, Heist and myself ^ found that at least 20 mg of 
drug per kilo must be administered at about the same time as the cocci 
to prolong the lives of approximately 20 per cent of animals for an 
indefinite period This amount was one half or more the highest 

* From the Dermatological Research Institute of Philadelphia and the Patho- 
logical Laboratories of the Graduate School of Medicine of the University of 
Pennsylvania 

1 Cohen, S S , IColmer, J A , and Heist, G D The Protective and Cura- 
tive Value of Quinin and Urea Hydrochlorid, Ethylhydrocuprem and Other 
Cinchona Derivatives in Experimental Pneumococcus Infections, J Infect Dis 
20 313, 1917 
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tolerated dose and .ndtcates the very small margin between dosis tolerata 
and dosis curativa of etliylhydrocnprein hydrochlond for mice with 
pneumococcus bacteremia Moore' has obseived somewhat better 
results than we in the treatment of pneumococcus bacteremia of mice 
will the ethylhjdrocuprem base, but the margin between the toxic and 
curative doses was likewise small 

;Much better results, howevei, have been obseived by Sands and 
nnself^ in the treatment of pneumococcus pleuntis of guinea-pigs 
We have been able to produce well defined lesions by injecting intra- 
pleurally 05 cc of twenty-foui hour dexhose blood broth cultuies of 
pneumococci of modeiate virulence into the light pleural sac, as a 
general rule, this u as followed by the development of acute suppurative 
pleuntis on both sides with pericarditis The lesions, however, were 
not strictl} confined to the pleurae since both lungs frequently showed 
inflammatory changes and pneumococci vere geneially found in the 
blood Extremely virulent cultuies were unsatis factory inasmuch as 
rapidly fatal bacteremias ensued, cultures of moderate virulence in 
broth, rather than suspensions m saline solution, pioduced the best 
results, the broth piobably aiding m the production of suppurative 
changes 

For guinea-pigs the maximum tolerated dose of ethylhydiocuprein 
hydioclilond by intrapleural injection is approximately fiom 20 to 30 
mg per kilo, being the same or slightly less than the maximum toleiated 
dose by intravenous injection ^ The injection of 0 5 c c of 1 500 
solution into each pleural sac of guinea-pigs weighing 400 gm within 
tuenl)-foui hours after the injection of pneumococci, usually cured 
the pleuntis and prolonged the lues of the animals foi indefinite 
penods'" The total amount injected was, therefore, 1 cc of 1 500 
pet 400 gm , corresponding to 10 mg pei kilo and equivalent to one 
third the maximum toleiated dose These experiments have indicated 
that to stud}, the results of treatment of these moie oi less localized 
pneumococcus lesions in annn?’‘ [Possessing some natural immunity, 

2 IMoore, H F Th vtion of Ethjlhydrocuprem (Optochin) on Type 
Strains of Pneumoco ' , in \ itro and in Vivo, and on Some Other Microorgan- 
isms m Vitro T Eeper M 22 269 1915 

3 Icolmer, J A , and Sands, J R Chemotherapeutic Studies with Ethyl- 
'll 33^693^'lfP’l Experimental Pneumococcus Pleuntis, J Exper 

4 Kolmcr ] A Route of Administration of Drugs in Relation to Toxicity 
in Chemotherapeutic Investigations, J Pharmacol & Exper Therap 17 431,1921 

5 The protective and curatn e effects of ethylhydrocuprein hydrochlond were 
improv cd I \ the addition of sodium oleate and boric acid (Lamar) ® 

6 Lan .r, R V Action on the Pneumococcus and Its Experimental Infec- 
tions of ( omhincd Sodium Oleate and Antipneumococcus Serum. T Exner M 
13 1, 380 1911, ibid 14 256, 1911, ibid 16 581, 1912 
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they are bettei for bunging out the cuiative effects of a drug than is 
possible in experiments employing highly susceptible animals \\ith 
rapidly fatal bacteiemias 

Expel iinents in vitio have shoiMi that mixtuies of equal pails of 
pleural pus containing veiy laige iiumbeis of virulent T\pe I pneumo- 
cocci and 1 1000 solutions of ethylhydiocupiein hydiochloiid giving a 
final dilution of 1 2000 i esult m the complete destruction of all pneumo- 
cocci m appioximately thnty minutes at body tempeiature This 
coiiesponds to 10 mg of the diug dissolved m 10 c c of pus If the 
pus in both pleuial sacs of guinea-pigs weighing appioximately 400 gm 
amounted to 10 c c , the injection of 2 c c of 1 500 solution of drug 
(1 cc into each sac) would give a final dilution of appioximately 
1 1000 This dose is equivalent to 10 ing pei kilo and eien if all the 
diug were absorbed, it would be at least one thud of the maximum 
tolerated dose 

In othei words, it would appeal that in expei iinental pneumococcus 
pleuntis sufficient ethylhydiocupiein hydiochlond may be injected into 
the pleuial sacs to lender the contents decidedly pneumococcidal with- 
out toxic effects, wheieas the same amounts injected into the blood are 
without effect on the local lesions or pneumococcus bacteiemia 

Similar results have been observed by Idzumi and myself ' m the 
treatment of expei imental pneumococcus meningitis of rabbits with 
ethylh3^di ocuprem hydrochloi id 

By subthecal injection the maximum toleiated dose is approximately 

0 5 c c of a 1 500 dilution per kilo of body weight, being equivalent to 

1 mg per kilo By this route of administiation the diug is tnenty or 
moie times more toxic than by intiavenous injection 

Experiments in vitro with puiulent spinal fluids containing virulent 
Type I pneumococci, have shown that the drug is geimicidal m final 
dilutions of 1 2000 in thirty minutes, 1 4000 in one hour, and 1 10,000 
m one and a half hours at body temperature 

The subthecal injection of rabbits with 0 5 c c of a 1 1000 dilution 
per kilo within from four to six houis after the subthecal injection of 
pneumococci of moderate virulence, results m saving a large peicentage 
of animals against an otherwise fatal suppuiative meningitis and 
bacteremia This dose corresponds to 0 5 mg pei kilo and is at least 
one half the maximum tolerated dose by subthecal injection 

Assuming that there aie from 2 to 3 c c of spinal fluid per kilo 
of body weight, the final dilution of drug in the subarachnoid space 

7 Kolmer, J A, and Idzumi, G Chemotherapeutic Studies with Eth>l- 
hydrocuprein and Mercurophen m Expei imental Pneumococcus Meningitis in 
Rabbits, J Infect Dis 26 355, 1920 
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was appioximately 1 6000, providing diffusion was complete, according 
to the results of the bactericidal tests in vitro, this dilution should 
possess pneumococcidal activity 

The intravenous injection of rabbits with 10 mg of ethylhydro- 
cuprem per kilo (equivalent to one half the maximum tolerated dose) 
had no influence on the course of pneumococcus meningitis , in fact, the 
animals succumbed somewhat more rapidly owing to lowered resistance 
due to the infection But, as stated above, the subthecal injection of 
0 5 mg per kilo (equivalent to one half the maximum tolerated dose by 
this route) was frequently followed by beneficial results 

In my opinion, the treatment of experimentally infected serous 
cavities and especially the pleural cavities, constitutes a procedure of 
distinct value in chemotherapeutic studies m bacterial infections when 
the curative dose of a compound is likely to be but slightly less than the 
maximum tolerated dose In serum therapy or in chemotherapy with 
such arsenical compounds as arsphenamm in spirochetic or trypano- 
some (Ti eqwpei dum) infections, when the cui alive amount is many 
times less than the toxic amount, generalized infections are suitable, 
since the compound may be given m lelatively large doses without 
danger of poisoning 

Studies m the pioduction of experimental tuberculous pleuntis by 
Ogawa and myself,® have shown that it is possible to produce a tuber- 
culous infection limited to the pleurae and lungs with such extension of 
the disease to the pericardium and lymph glands as occurs by direct 
lymphatic absorption and continuity of tissues The intrapleural injec- 
tion of guinea-pigs with bovine tubercle bacilli is followed by metastases 
to the spleen, livei and other organs, that is, a generalized infection 
follow s Human tubercle bacilli likewise produce generalized infections 
but in not as high a percentage of animals Human tubercle bacilli 
injected into the pleural cavities of adult rabbits generally (but not 
always) lesulted in localized lesions, bovine bacilli regularly produced 
generalized lesions in these animals Bovine and human tubercle bacilli 
injected into the pleural cavities of adult wdiite rats and adult dogs have 
resulted in the production of localized lesions By suspending the 
bacilli in broth instead of saline solution, the local supprative changes 
generally have been increased ^ While extensive chemotherapeutic 
studies have not been made with these lesions, I believe that localized 
tuberculous pleuiitis and pneumonitis offer more favorable lesions for 
studies in vivo than generalized and widespread lesions, the medica- 
ments being injected into one or both pleural cavities at varying intervals 
after the injection of the bacilli into the right sac 

A Ogawa, I Experimental Tuberculous Pleuntis as an 

Investigations in Tuberculosis, Am Rev Tuberc 

o 43/, 1921 
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In this connection the cxpeiiments of Gay and Stone ” in the produc- 
tion of experimental pleuntis in rabbits are of interest These investi- 
gators have studied the effects of vaccine and serum therapy on these 
lesions, and latei Gay and Morrison^® expeiimented with various dyes 
injected into the infected cavities, but uith negative results 

For the production of localized bacteiial infections of seious cavities 
for purposes of chemotherapeutic reseaich it would appear necessary 
to select test animals possessing some natuial immunity for the test 
bnctcnuni, furthermore, the bacteiium should be of moderate rather 
than of exticnie Mrulence These factors decrease the chances of 
producing gcnei-alized infections and baclcicmuis and favor the develop- 
ment of localized lesions spieading onl} by direct continuity of tissues 
Under these conditions subtoxic amounts of medicament injected into 
the caMtics ma} produce therapeutic results even when diluted wth 
innammator} exudates and theicb) weld information of value m chemo- 
tlicrapcutic unc''tigat!ous 


SUMMARY 

1 Studies V, iili elh)lh}diocupicm hjdrochlorid (optochin) m the 
ticalment of txpenmcnlal pneumococcus pleuntis and meningitis have 
indicated that m cheinothciapcutic investigations in bacterial infections, 
localized infections of serous cawtics oflcr a more favorable means for 
eliciting thcrajKUtic effect^ of a medicament than generalized infections 
and bacteicmias 

2 In localized infections of serous cavities it is possible to inject 
into the cacs sufficient amounts of medicament to render the contents 
bactericidal and cuiatne Tlic'^e amounts may be at least one half the 
maximum tolerated do‘'Cs In lapidl} fatal generalized infections with 
bacteremias, ho^\e^cr, the intra\cnous injection of one half the maxi- 
mum tolerated do<;c ma} be Mithout therapeutic effects 

3 Localized bacterial infections of serous cavities would appear to 
be e=peciall) useful for Ihemotheiapeutic studies with medicaments 
possessing high toxicit} when the maigin between dosis tolerata and 
dosis cuiativa is small 

-1 In the pioduction of localized infections of such seious cavities 
as the subarachnoid space, pleural sacs and pericardium, test animals 
possessing some natural immunity to the test bacterium should be 

9 Gnj, F P, and Stone, R L Experimental Streptoeoccus Empyema 
Attempts at Prccention and Therapy by Means of Vaccines and Serum, 
J Infect Dis 2G 265, 1920 

10 Gay, F P , and Morrison, L F Experimental Streptococcus Empyema 
Attempts at Dye Therapy, J Infect Dis 28 1, 1921 
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chosen, like the gumea-pig for pneumococcus pleuntis and pericarditis, 
the cat or dog for pneumococcus meningitis and the dog or rat for 
tuberculous pleuntis The test mici oorganisni should be of moderate 
rather than extreme viiulence, in oider to i educe the invasiveness or 
aggressiveness of the bacteiia for the blood and other oigans 



AN EXPERIMENTAL AND CLINICAL STUDY OF 
QUINIDIN SULPHATE I EXPERIMENTAL ^ 

HORACE MARSHALL KORNS, MD 

CI ULI \ND 

L\j>crimcn(s wcio dcMsocl foi tlic piiipose of slucl}ing some of the 
cflccK of quimciin oti (lie noim.il dog and ginnca-pig heait The method 
cmpioNCcl was comp.uatoeh •simple Dogs weic fully anesthetized with 
el her, e\(.epl m one mslance when anesthesia was seemed by means 
of chloihnianol and inoiphin The iighf foie leg and left hind leg 
v,cic ‘'h.>\<<l. and '-nitahle electiode^ apjdied and connected to the string 
5 ih inointtei in the UMi.d \\a\ All c\pei iinciilal electiocardiogiams 
\\cie lheit.foie dciuid iiom Lead 1 1 dhe thoiax was not opened in 
am la'-e, no diuct .'untiilai contacts ncie employed, and all observa- 
U'm-' were tondueted on the ‘'pontaneotisl} beating heait When 
oii'-ei \ .iLoii'' on the xaqi weic desiied these ner\es were isolated foi 
a coii'-ideiahR' di'^iaiue in the neck sectioned, and the peiipheial end 
‘'iinnilan.d fioin die '-econdar) coil of the ordmaiy inductoiium A 
'■jgnal m iiicinl aitli the piiinai\ coil m.nkcd the beginning and end 
of <.t!nnil num Otiinuhn ‘«ulphatc supplied ht Merck, the same piepaia- 
l»<»n whith v.as u-td in the w.iids, was dissohed in ph}siologic solution 
of '■fumiin I blond and micclcd in incasuicd amounts fiom a buiet into 
the umoril \em \tiopm, wlmh w.is used in one animal, was injected 
‘■ubn t.MicoU'-h 

Anc^ilu^^ia was ^ccuud in guinca-pigs by means of ether in con- 
inaciion with uiethanc oi paialdclnd The elcctiocaidiogiam was 
utoi<le<i fiom an a\ial lead, comiiaiable to the conventional Lead II, 
d(n'.c<l in ‘'Oinc m''taiue-- fiom metal electiodes, one inserted beneath 
the ‘■kin of the neck, the othci thiust into the rectum Where polaiiza- 
tion became ajipiccjablc, the mel.il contacts w^eie supplanted by non- 
polan/able lioot electrodes inserted beneath the skin of the neck and 
left hind leg Ouini<iin suljihatc, dissohed in distilled watei by the 
atlditiou cif ,! few drops of concentiatcd sulphuric acid, w^as gnen to 
these animals b\ stomach lube in one massne dose of 0 67 gm No 
obser\.itions on the ^agI wcie attempted In all other lespects the 
jnocedure w.is the same as foi the dogs 

In eaih animal a complete sciies of conliol lecoids w^as made 
U hen \agus cTlccts weic to be studied, the tonic activity of both neives 
was established, and the minim.d eft ectivc stimulus determined An 
accuiate tune iccord of all clectiocaidiograms and expei imental pio- 

^ Froni llic Medical Clinic of Lakeside Hospital and Western Reserve 
Lnn crsii\ 
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cedures was kept In dogs the immediate effect of each intravenous 
injection was thoroughly studied in records which began with the injec- 
tion and were continued at frequent intervals, and the remote effects 
of the total dosage were observed thioughout each experiment until 
the animal died from qumidin poisoning In guinea-pigs the steadily 
progressing changes in the electrocardiogram weie photographed at 
frequent intervals over a penod of sixty to ninety minutes, at the end of ^ 
which time death usually occuired 

Instead of reproducing detailed protocols of the experiments, I 
shall summarize the more important facts which have been established 
in analysis and measurement of approximately 1,000 feet of records 
Rate of IvipnUe Discharge fiom the Pacemaker — The inevitable 
result in all experiments is ultimate retardation of the rate of beating, 
but tempoiary increases are frequently seen immediately after single 
injections of the drug Lewis and his associates^ have shown that 
retardation is due to a diiect action on the Purkinje structures of the 
pacemaker, for it is independent of the action of atropin This may 
also be inferred from our experiments, for it occurs in spite of the 
contiary effect which is to be expected from paresis of the vagi by 
quinidin Temporary increase m late of beating after single injections 
is to be explained either as the result of a predominant effect on the 
vagi, or delay of the effect on the structuies of the pacemaker The 
latter seems much the more probable Quimdin retai ds the rate at which 
impulses are discharged from the pacemaker whether the latter be 
situated in the S~A node or the A-V node, a fact well illustiated in 
the case of Dog 1 Immediately after the first injection of the drug, 
and coincidentally with the development of a high grade of mtra- 
auricular block, the function of pacemaker was assumed by the A-V 
node, but the rate of beating was progressively -flowed notwithstanding 
These results are in accord with those obtained by Schott,^ Boden and 
Neukirch ® and Lewis, et al ^ Cohn and Levy ^ saw no constant effect 
on rate of beating in their dogs 

Int} a-Ammdar Conduction — Lewis and his associates have shown 
that quinidin greatly slows conduction in the auricle when tlie heart is 
driven at a constant rate of about 200 per minute This disturbance 
in conduction proceeds to “intra-auricular block,” which is characterized 
by gross irregularity of the auricular curves This phenomenon of 
intra-auricular block appears in electrocardiograms of hearts beating in 
response to their own rhythm m the earlier paper of Boden and 
Neukirch, but was evidently misinterpreted by these authors So far 

1 Lewis, Drury, Iliescu and Wedd Heart 9 55, 1921 

2 Schott Deutsch Arch f klm Med 134 208, 1920 

3 Boden and Neukirch Deutsch Arch f klin Med 136 181, 1921 

4 Cohn and Levy Proc Soc Exper Biol &. Med 18 283, 1921 
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as I am awaic, it has not been descnbed in the spontaneously beating 
heai t II IS c\ ident that intra-auriculai block which is responsible for 
irieguiaiity of the auiiculai ciiives when the heart is driven at a con- 
stant late will be icpiescnted in the heart which beats in response to 
its own impulses by icgiilai, but aiihythmic, auricular weaves I have 
noted tins occurrence in a patient shortly aftei the i esumptioii of normal 
mechanism, and ha\e fiequently piodticed the condition in experiment 
In tlic spontaneously beating heart intia-atiiicular block is essentially 
a condition m which the auiicles and ventiicles beat independently of 
each othei, at neaily the •'ame lates, or at wadely difleient lates The 
auricle responds to the S~A node the ventricle to the A-V node In 
the caily stage of deyelopmcnt the auricular rate slow's, but remains 
rlnthnnc later, the auriculai s)‘:tolcs become giossly airhytbmic 
\ssnmplioii In the A-1' node of the function of pacemaker for the 
yeiitiiclc is jirobphh due both to actual siai ration of its natuial quota 
of ttan''nntlcd impulses, and to iiicgiilaiitr of the auricular inter- 
sy^-iohc intcrrals The fact that the A-J^ node ahvays assumes this 
fuiiciion. at lo.ist in the cailm stages of poisoning, is proof that it is 
not uinctionalK depressed to the same extent as the auiicular muscle, 
aUhongh. as has been nmccl abore, its rate of discharge of impulses is 
piogressnelr retarded ,is poisoning increases One might lustly mfei 
that if for any rc.isnn the i-F node wcie unable to assume pacemaker 
fimction folloyying mtr.i-auriculai block, the lesultmg condition yvould 
closely apjiioximate yyhat is commonly knoyvn as “sino-aui icular block” 
In oiliei yyoids, it is suggested that so-called ‘'sino-aiinculai block” 
may icalK be mtra-auriculai block unaccompanied by ^1-F nodal escape 
One yyniild then expect S-A block to consort yvith mtia-aiii icular block 
at a compaiatiycly late stage of poisoning, yydiich is precisely yybat 
ocelli'- ( I'lgs 5 and 15) Bearing in mind the established relation of 
the yagu- to S-A block it is significant that the block occurs after a 
large jinit of the jiaictie action of quinidin on the vagus has been 
exerted As Lcyvis and his associates'' have suggested, and as one may 
infer fiom the paper of Boden and Ncukirch, intra-aui icular block is 
usually partial, but may be complete, resulting m auriculai asystole 
(Hg 10) 

Elect locaidiogi.iins of intra-aui icular block ate likely to be confused 
yyilh thocc of A-P rhythm, but a aaieful analysis of tbe curves clearly 
defines the condition m a manner picsently to be explained It is at 
this point that Boden and Neukirch yvere mislead The hypothesis of 
A-1' rhythm is inconsistent yvith our conception of intra-auricular 
block, foi in the former it is clear that the yvhole heait is responding 
to impulses fiom but one center, yvheieas m the latter, tyvo separate 


5 Lewis, Drury and Ihcfacu Llearl 9 21, 1921 
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centers control auricles and ventricles It is, therefore, impossible to 
conceive that the two entities might coexist Development of the con- 
ception of intra-auricular block improves our sense of criticism in 
regard to certain cases which might otherwise be interpreted unreserv- 
edly as A-V rhythm For example, two electrocardiograms recently 
published by Richaidson® (Figs 3 and 4 of his paper) present certain 
features which are not m agreement with pine A-V rhythm as it is 
commonly understood Richardson’s criteiia for A-V rhythm include 
inversion of F, and to explain the upright P of his Figure 3, he sug- 
gests interference between the S-A and A-V nodes, both active To 
carry this a step further, may not his Figure 3 represent partial intra- 
auriculai block with continuous escape of the A-V node^ One should 
note the striking lesemblance of this record to Figure 9 of the present 
paper Similarly, the arrhythmicity and protean contour of the F waves 
of his Figure 4 may well be due to inti a-auncular block, accompanied, in 
this instance, by ai rhythmic escape of the A-V node Digitalis may 
have induced intra-aui icular block in this patient It is significant that 
the condition has been produced experimentally in dogs ® by means of 
strophanthin 

Lewis has shown that m hearts driven at a constant rate the irreg- 
ularity of the auriculai waves from intra-auricular block is abolished 
by vagus excitation In my experiments with the normally beating 
heart vagus stimulation promptly abolished intra-auricular block, for 
which sequential chamber contraction in response to one center, the S-A 
node, was substituted The right vagus was employed exclusively in 
these experiments (Figs 18, 19, 20, 21, 22, 23) 

Figures 1 to 11, inclusive, recorded fiom Dog 1, portray a remark- 
able series of events due to intra-auricular block Figure 2 could not 
of Itself be distinguished from A-V ihythm It represents the stage 
when the auricular rate has slowed, but is still rhythmic The F waves 
are buried in the Q R S group Consideration of Figure 3, however, 
definitely sets aside the question of A-V rhythm The auricle is now 
grossly arrhythmic, the interauricular intervals varying from 0 536 to 
0 64 second On the other hand, the interventricular intervals, exclusive 
of accidental beats, aie equal R beais no sequential relation to F 
The latter is entirely independent of R, and whether it precedes, follows, 
or is submerged m R is purely a matter of accident The only excep- 
tion to this IS seen when the impulse from the S-A node, by reason of 
Its arrhythmicity, chances to arrive in the ventricle when the latter is 
not refractor) The ventricle then responds in the usual sequential 
fashion, disturbing temporarily the rhythmic A-V nodal control of the 
ventricle Two examples of this appear in Figure 3 When F falls 


6 Richardson Arch Int Med 29 253 (Feb ) 1922 
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Fij? ] (D-I-02) — liitt, loO, P-R, 0 068, Q R Sj 0 038 Unless otherwise 
stated, one ■^cnle duision ol abscissae equals 0 0-1 second, of ordinates, 10"* volt, 
in this and all succeeding figures Time measurements made with magnifica- 
tion Ol 18 dnmeters, accurate within a few thousandths of a second All 
experimental elcetrocardiograms from Lead II For full description see text 

Fig 2 (D-I-10) —Rate, 160, 0 7^ S’, 0 056 

Fig 3 fD-I-11) — Ventnculai latc, exclusive of extra beats, 116, auricular 
rate circa 105, O R S, 0 0-14, P-R of extia beats vanes from 0116 to 0128 

Fig 4 (D-I-12 II) — Ventricular late, exclusive of extra beats, 97, auricular 
rate circa 89, O R S, 0054, P-R of extra beats \aiies from 0104 to 0168 

Fig 5 (D-T-13) — Rate, 69, P-Ry 0096, QRS, 0 048 Long pause exactly 
double the shorter diastole 

Fig 6 (D-1-I4 \) — Ventricular rate, exclusive of extia beats, 148, auricular 
rate cirea 127, O R S', 0054, P-R of extra beats, 0126 
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far enough after R an extra beat of the ventricle follows The occur- 
rence of these extra beats of the ventricle affords absolute pi oof that 
the tardy P is not the representative of backwaid propagation over the 
auricle of the A-V nodal impulse It is important to note that the 
contour of P does not differ essentially from the contiol, Figure 1 
Figure 4 poitiays a more advanced degree of the same condition The 



Fig 7 (D-I-17) — Rate, 158, QRS, 0 056 
Fig 8 (D-I-18) —Rate, 158, Q R S. 0 056 
Fig 9 (D-I-19) — Rate, 136 

Fig 10 (D-I-20 A) — Rate, 45, QRS, 0 088 Not all time lines accurate 
Fig 11 (D-I-27) — ^Ventricular fibrillation 

auricle is now so arrhythmic that three extra beats of the ventncle in 
response to smo-auncular impulses occur in sequence 

Figure 5 shows smo-auncular bloclc occurring at a later stage of 
poisoning Discharge of impulses from the A-V node is inhibited, the 
ventricle responds only to the S-A node, and the auricle has become 
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ihjthmic Figuics 6, 7 and S show gradual recovery from mtia- 
auncular block In Figure 6 one sees a return of auricular arrhythmia, 
contiol of the \cntncle by the A-V node at a rate of 148 per minute, 
and many extra lieats of the \entncle as described m Figure 4 In 
bigure 7 the auricular arihythmia has disappeared, but the auricle is 
‘:lo\\ci than the \cntiicle, and the S-A node and A-V node still control 
auncle and \cntnclc, rcspcctnely P is buiicd in R Figuie 8 shows 
the latcs of auncle and ^entncle nearly equal, P having emerged from 
R The P-R mter\al is shoiter than that of the control, however, and 



He 12 (D-II 1-53-1 01 , QRS, 0068 

r,- 13 (n-III- 5 -t-l)— P-7?. 0112, 07? 5’. 0068 

Fi'r U (D-III-55-1) — P-R of 006 docs not represent transmission time 
Tvi 15 fD-III-61-S)— Rate, 83, QRS, 0112, usual P-R 0152, after long 
pause P-R 0 12S 

the charnlicrs still beat independently Recover} fiom mtra-auiicular 
block IS nearly complete m this iccoid 

Figuic 9 shott s the auncle once more slowing fioni renewed intra- 
aunculai block subsequent to a fiesh injection of quinidm Figuie 10, 
recorded ninety seconds after Figure 9, shows complete intia-auricular 
block, aunculai asystole, with ventnculai autonomy at 45 per minute 
Eventual tcnnmation of quimdin poisoning m ventricular fibrillation 
is revealed in Figuie 11 Careful considei ation of all the details dis- 
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nhved n, this senes of records empliasizes the point that, although as 
a rule all changes in function brought about in the various individual 
structures by qmnidin poisoning proceed uniformly, at ceilain times 
single effects and different groups of effects predominate to the re a ive 


exclusion of others 

A less sti iking occurrence of intra-atinculai block, progiessing only 
to the point of slight slowing of the auricular rate, was noted at one 
time m Dog 3 Figure 12 shows the character of the electrocardiogram 
at a rathei late stage of poisoning Five minutes later a considerable 
change m the character of P was seen, as shown m Figure 13 Figure 



Fig 16 A (D-III-62') — Rate, 45, QRS, 01 
Fig 16 B 
Fig 16 C 
Fig 16 D 


14 follows six minutes after Figure 13, and portrays slight slowing of 
the auricular rate Figure 15 shows sino-auricular block at a still later 
stage of poisoning, and Figure 16 (A, B, C and D) depicts intra- 
auricular block in conjunction with a very slow A-V nodal rate of 
discharge The last cycle in A and the first in C are examples of extra 
beats of the ventricle, comparable to those already described m connec- 
tion with Dog 1 
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Intia-auiiculai block appealing in a patient (Case 14) shortly 
aftei the lesiiinption of normal mechanism is poitrayed m Figuie 17 
The auricle is slowing, while the \entiicle continues to lespond at 
regulai intenals to the A-F node 

The cflect of \agus excitation on intia-aunculai block is w’^ell shown 
111 Fiffures IS to 23, mclu'^ue In all instances the A~V nodal late is 
mhihitcd to a giealei oi le'^s degice with the beginning of stimulation 
In all except Figuie 19 the mtia-auiiculai block is increased at the 
oiT^et of stimulation, as shown by gieatei airh>thmia of the auricular 
beats This is promptly succeeded, within a few^ cycles, by total aboli- 
tion of the intia-auiiculai block and lesumption of noimal sequential 
chambei contraction b\ the w'holc heait In Figure 19 the block is 
immediateh dcci eased Figuie 21 is reproduced to show the rapid 
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return 6f mtra-auruulai block five seconds aftei cessation of 
stimulation 

The fact that intra-aui iculai block could not be produced in guinea 
pig^ IS uiicxjilained A-V heait block and mti aventriculai block are 
the chief results of quinidm poisoning m these animals 

Auuculo-Vcniuculm Conduciwn —Mosi investigators have found 
that quinidm dcpiesses A-V conduction m dogs, with wdnch my lesults 
arc m agi cement It is important to note that, m the naturally beating 
dog heart, this effect piocceds in dnect pioportion to the othei changes 
Simultaneously occuriing in sino-auiiculai rate, intra-auricular conduc 
tion, and mtravcnti icular conduction It is never individually 
conspicuous, never advances faithci than simple prolongation of the 
P~R interval No dioppcd beat of the ventricle due to A-V block 
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hig 18 (D-V-12-1) Intra-auncular block and vagus stimulation Signal marks beginning of stimulation Coil at 9 

Fig 19 (D-V-11) — As Figure 18 Coil at 9 cm 
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Fig 20 (D-V-11) — As Figure 18 Coil at 9 cm 
Fig 21 (D-V-11) — Block returning, five seconds after cessation of stimulation 
Fig 22 (D-V-14) — As Figure 18 Coil at 9 cm 
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occurred in my dogs, even in the very late stages of poisoning when 
complete branch block was well established 

In the earlier stages of quinidm poisoning in guinea-pigs depiession 
of A-V conduction progresses equally with other changes As poisoning 
increases, however, a disproportionate effect on A-V conduction 
appears, which m my experiments reached, but never exceeded, the 
grade of 2 1 heart block Schott ^ reports much higher grades of 
partial heart block m his pigs, a statement which has led many clinicians 
to avoid using quinidin and digitalis together In only two cases, both 
reported by Hewlett and Sweeney," has complete A-V heart block been 
regarded as the result of combined action of the two drugs, and in 
neither is it clear that digitalis alone might not have been responsible 
In my first few experiments with guinea-pigs, in which Schott’s 
technic was closely followed, high grades of partial A-V heart block 
occurred rather early m the poisoning, progressing m one instance to 
complete A-V dissociation It was immediately discovered, however, 
that the onset of block coincided closely with complete cessation of 
respiration, an event which always takes place very early in quinidm 
poisoning m the guinea-pig In all subsequent experiments the factor 
of asphyxia was ruled out by supplying artificial respiration, with the 
result that A-V block completely disappeared from the early part of 
the experiment Changes m A-V conduction were proportional to other 
changes throughout the experiment until a short time before death of 
the animal, when 2 1 lesponse of the ventiicle finally appeared in con- 
junction with bundle branch block In each of these latter animals it 
was shown, prior to the administration of quinidm, that all grades of 
A-V heart block, including complete dissociation, could be produced 
by asphyxia alone The precaution of ruling out asphyxia was not 
taken by Schott From these results it is clear that the greater part 
of the A-V heart block reported by Schott was due to asphyxia, not 
to quinidm It is true, however, that m the gumea-pig quinidm does 
produce an effect on A-V conduction out of proportion to changes m 
mtra-auncular conduction m so far as the two are demonstrable when 
the heart is permitted to beat naturally, but the effect appears too late 
m the course of poisoning to be clinically applicable So far as we have 
been able to determine by clinical and experimental means there 
IS no direct contraindication to the use of quinidm and digitalis in 
combination We have been in the habit of withholding quinidm until 
the full effect of digitalis has been secured simply because we believe 
digitalis to be tlie most essential weapon with which to combat cardiac 
decompensation, and because our best opportunity of studying the role 


7 Hewlett and Sweeney J A M A 77 1793 (Dec 3) 1921 
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of ainitulai fibiillalion in cardiac failuie is ofleied when all othei 
factois conti ibnling to that failiiie have been as far as possible lemoved 
Fignics 24 and 25 show the highest giade of A~V heart block- 
obtained in ginnea-pigs The lecoids are fiom difterent animals, 
rcgisteied 64 and 75 mmiiles, i espectiveU , after the single dose of 0 67 
gin quinidm Ailificial lespnation was being maintained at the rate 
of 25 jici minute In addition to A~V block, both lecoids show con- 
siderable dela} m conduction through the light bianch of the bundle 
Initavciiti icnlai Conduction — Distiiibance of intraventiiculai con- 
duction manifests itself initially m dogs and guinea-pigs by an niciease 
in tile U R S intcnal which is genciall) comparable to changes m 



Tiy 21 (D-V-15) — \s Figure IS Coil at 9 cm 
I'lg 2\ tP-V-II-n — 2 I response of the ventricle 

Fig 2=; <P-V 1 1-20-21 — Vs Figure 2-1 (In this record ordinates do not 
e\'>cih cquil 10** voll, rosistaiicc exceeds 2,000 ohms, and string overshoots 
shghlh ) 

intia-aiincul.ii and A-V conduction ^Vlth deepei poisoning, delay in 
conduttion thioiigh one oi both bianchcs begins to appeal As I have 
staled in a prcMous paper,*’ tins delay in bianch conduction is to be 
explained on the basis of diftcicntial wndenmg of the lefiaclory periods 
of the two mam divisions of the bundle Rapid development of the 
dextiotaidiogiam oi le\ oeardiogiam, oi alteiation of the dextiocaidio- 


8 Ixiiriis 'Vich liil Vltd 30 158 (Aug) 1922 
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gram and levocardiogram, follows single and repeated injections of 
qtiinidm, with eventuation in complete bundle branch block 

Figures 26 to 30, inclusive, portray the development of right bundle 
branch block in Dog 5 The control (Fig 26) shows that the dextro- 



Fig 28 (D-V-21-1) — Rate, 107, P-R, 0112, 0 08 

Fig 29 (D-V-22-4) — Rate, 107, P-R, 015, QRS, 012 
Fig 30 (D-V-22-S) —Complete right bundle branch block 

cardiogram is normally predominant Figure 27 shows the rapid 
advancement of the levocardiogram (lengthened refractory period of 
the right branch) immediately following the initial injection of 0 1 gm 
quinidm Figures 28, 29 and 30 display further gradations in the 
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pioccss with inci casing dosage A similai senes of steps in the develop- 
ment of left bundle bianch block (Dog 2) aie presented in Figures 
31 to 35, inclusive 

DifJeiential widening of the icfiacloiy pciiods of both the right 
and left blanches of the bundle is depicted in a series of records from 
Pig 5 (Figs 36 to 44, inclusive) The disturbance of conduction 
dc\ clops hist, and remains of highci giadc ihioughout, in the left 



FifT 31 (D-1 1-02) -Rate, 202, P-R, 0084, 004 

Fir 32 (D-II-I2-2)— Kak, 194, P-R, 0 084, QRS, 0 04 
Fir 33 (D-Il-4 1-1) —Rate 97, P-R, 012, Q R S, 0048 
Fir 31 (D-II-Sl-3)— Rate, 81, P-R, 016, QRS, 0084 
Fir 33 (D-1 1-54-5) -Complete left buncUc branch block 

branch It is of intcicst to note, in Figuie 40, that the long refiactory 
period of the left bianch is compensated when a venlriculai beat is 
dropped, for the ensuing complex shows neail}'^ synchronous fusing of 
the dcxUocardiogiam and Icvocaidiogiam Deficient bianch conduc- 
tion appears because the lefiactoiy peiiod of the branch is longer than 
that of tlic /}-y node In Figuic 41 the lefiactoiy period of the branch 
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has become too long to be compensated for by one dropped beat of 
the ventricle 

Left bundle branch block appearing in a patient (Case 27) after a 
total of 6 gm quinidin is displayed in Figure 45 It disappeared 
shortly after withdrawal of the drug (Fig 46) One similar case has 
been recorded m the literature, that of White, Marvin and Bui well ** 
Changes in the T Wave — Many variations of the end deflection T 
have been ascribed to quinidin In analyzing my experimental curves 



Fig 36 (P-V-02) — Rate, 272, P-R, 0 052 QRS, 0 016 
Fig 37 (P-V-ie-n — Rate, 220, P-R, 0 076, QRS, 0 028 

Fig 38 (P-V-19-3) — Rate, 164, P-R, 0 088, QRS, 0 036 

Fig 39 (P-V-24-1) — Rate, 127, P-R, 0156, QR S' 0 072 

I have been struck by the fact that in every case the voltage of T has 

alteied early in the experiment, and furthermore, its voltage has always 
initially inci eased in the direction which \m11 conform with the branch 
lesion to be found in the late stages of poisoning Comparing Figure 
27, from a dog which eventually developed right bundle branch block, 
with Figure 32, from a dog which developed left bundle branch block, 
it is found that, whereas in the former the efiect of the first injection 
of qumidin was to increase the voltage of T by 300 microvolts 


9 White, AIar\in, and Burwell Boston M R S T 185 647 (Dec 1) 1921 
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(3 X lO'O, in the latter the first effect was a deepening at T A 
similar effect was obsei ved in Pig 5 It will be recalled that this animal 
showed gi eater prolongation of the refractory period of the left than 
of the right bianch, although that of both branches was widened 
Reference to Figure 37 shows that an originally upright T was inverted 
b> the fiist quinidin injection It latei became isoelectric, then upright, 



FifT *50 (P-\'-27-l ) — Long rcfractorj period of the left branch is com- 
pensated V hen \cntricnlar be it is dropped 

Fig 41 (P-V-28-1) —Complete left bundle branch block, partial A-V block 
Fig 42 (P-V-30-2) — DilTcrcntial widening of refractory periods of right 
and left branches 

Fig 43 (P-V-32-2)— Reco\cr\ of left branch, involvement of right branch 
Fig 44 (P-V-33-2)— Lvcntuation in 2 1 A-V block and complete left bundle 
branch block 

and again inverted, apparently fluctuating with the refractory period 
differences of the branches 

The exact nature of the T wave has never been fully elucidated 
Wilson and Herrmann believe that the exaggerated T wave which 


10 Wilson and Herrmann Arch Int Med 26 1S3 (Aug) 1920 
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Fig 45 — Left bundle branch block in a patient (Case 27) 
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Fig 46— Recoverj of conduction in left branch in Case 27 after withdrawal 
of qinmdin 
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appeals in Lead II of the dog’s elcclrocai diogram after division of the 
light branch of the A-V bundle is due to eaily deactivation of the left 
Aentiiclc in compaiison with the right ventricle, and vice veisa The 
obseivations above desciibed suggest that changes in the character of 
T under quinidin aie the fust delicate indications of earlier deactivation 
of one 01 the otlici vcntiicle, hence the initial indications of lengthening 
of the icfiactoi} peiiod of the right oi left bianch of the A-V bundle 
Action on the Vagi — The caieful observations of Lewis and his 
co-uoikcis^ dcinonstiate conclusively that qiiinidin, m doses com- 
paiable to tho'^c used clinicalK, exeits a striking paietic effect (pen- 
phcial) on the Aagi j\h own obscivations weie incidental to the 
examination of othci effects The} weie made on hearts conti oiling 
their own rate of beating, and the lesults aie theiefoie complicated by 
slowing due diiecti} to quinidm, and by othei factors Nevertheless, 
a de(hiilc qunlitatne paretic effect w'as demonstiable In one animal 
the minimnl cftcctnc stimulus was noted wnth the secondary coil at a 
distance of 8 cm fiom the piimary Tw'enty minutes after the first 
injection of 01 gm the coil was mo\ed to 4 cm for the minimal 
eflectne ^iimulu'? Tlirec minutes aftei the second injection of 0 1 
gm . befoic time for rcco^CI} had been allow^ed, 0 5 cm was the coil 
di'^t.nice foi minimal vagus eflect No response w'hatever could be 
obtained after the third injection of 0 1 gm A result similai to this 
w.is noted ni one other animal The so-called “paiadoxical action” 
dc'^enbed b\ l.cwis was not encounteied 

Cause of Diatii fioni Quinidin — All my dogs died of ventiicular 
fibrillation, ic'^pnatioii ‘^topping only a few^ minutes befoie death As 
other woikers ha\c obsened. the greater the fractionation of dosage, 
the finther ic fatal poisoning jiostponed Guinea-pigs, if let alone, die 
an e.irh death fiom apliy.xia due to lapid failure of automatic bieath- 
mg If artificial ic'^pirafion be supplied, how'ever, these animals resist 
the j) 0 i‘' 0 n Mgorously In oidei to obseive the late effects of poisoning 
in one of the jugs it was necessaiy to administei a second dose of 0 67 
gm Death occuis in these animals, never by ventiiculai fibnllation, 
but tlnough gradual slowmig and final inhibition of the whole heart 
Aside fiom fat.il teiminations due to emboli, wdnch will be discussed 
in a subsequent papci, it is probably too eaily to make the statement 
that quinidin has been diicctly icsponsible for the death of any patient 
'Jlicrc are many factors to be accounted foi m sudden caidiac death 
If the drug shall be held solely responsible foi sudden fatality, the 
event must be occasioned by some disastrous effect on the cardiac 
mechanism Two suggestions appeal in Lewus’ papei (1) the possi- 
bility, under quinidin, of long standstill of the ventiicle consequent upon 
a slight rise in auiicular late, and (2) slowing, or actual standstill, of 
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the ventricle at the moment of resumption of normal smo-auncular 
rhythm The question may not find an answer until continuous electro- 
cardiograms are recorded just before and during death supposedly due 
to qumidin 

Bnef reference may be made to tlie recent paper of Jackson, 
Friedlander and Lawrence, concermng the pharmacology of quinidm 
For some reason, these authors have disregarded the experimental work 
of Lewis and his associates, with which a great many of their results 
are not in agreement After careful comparison of the methods 
adopted by the two groups of investigators m reaching their conclusions, 
one is strongly inclined to believe that none of the positions taken by 
Lewis has been essentially modified 

SUMMARY AND CONCLUSIONS 

Quinidin sulphate exeits the following actions on the normally 
beating heart of the dog and gumea-pig 

1 It may temporarily accelerate, but ultimately retards, the rate 
of impulse discharge from the pacemaker, regardless of whether the 
latter be situated in the S-A node or the A-V node This is probably 
a direct effect on the Purkinje structures 

2 It produces, in the dog, depression of intra-auncular conduction 
leading to partial or complete intra-auricular block This is described 
for the first time in the heart beating spontaneously A relationship 
between intra-auricular block and so-called “smo-auncular block” is 
suggested Criteria are presented which serve to distinguish intra- 
auricular block from A-V rhythm It is demonstrated that vagus 
stimulation abolishes intra-auricular block 

It produces, in the guinea-pig, no demonstrable evidence of interfer- 
ence with mtra-auricular conduction 

3 It depresses A-V conduction, which, in the dog, proceeds strictly 
in accordance with other functional changes 

In the late stages of poisoning in the guinea-pig it produces a 
disproportionately great effect on A-V conduction, leading to 2 1 
response of the ventricle, never higher 

4 It produces delay of intraventricular conduction This is evi- 
denced at first solely by lengthening of thQ Q R S interval, later, by 
differential widening of the refractory periods of the right and left 
branches of the A-V bundle 

5 It produces remarkable changes in the voltage and sign of the T 
wave Evidence is found which suggests that these changes are directly 
related to alterations in intraventricular conduction 

Friedlander and Lawrence J Lab & Clm Med 7 311 (March) 
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6 It produces, in the dog, a high degree of vagal paiesis 

7 It induces death, in dogs, by ventiiculai fibi illation , in guinea- 
pigs, by gradual inhibition of the whole heait 

8 Intia-auiiculai block fioin quinidin is desciibed in a patient 

9 The clinical use of quinidin in conjunction with digitalis is 
discussed 

10 Left bundle bianch block fiom quinidin is described in a patient 

11 Some possible relationships of quinidin to sudden cardiac death 
aic pointed out 



an experimental and clinical study of 

QUINIDIN SULPHATE II CLINICAL' 
HORACE MARSHALL KORNS, MD 

CLEVELAND 


In the short time that qmnidin has been under intensive investiga- 
tion, a considerable number of facts regarding its action and uses have 
become geneially apparent It is well lecogmzed that quinidin therapy 
IS not applicable outside the field of disordered cardiac mechanism, 
and is fuithermore limited to two general classes of disorder within 
that field (1) The paroxysmal tachycardias, including premature con- 
tractions occurring singly or in groups , (2) disorders due to circus 
moiement within the auricle, comprising, (cf) auricular flutter, (&) 
auricular fibrillation 

Clinical expel leiice with arrhythmias of the first class is still 
exti emely meager Hamburger ^ mentions a case o f auricular parox- 
3snial tachycaidia, but leserves discussion until more extended 
observations shall have been made Boden ■ states that quinidin was 
tried with favorable results in twenty-two cases showing premature 
beats, mostly ventricular in origin , and that m six cases of atrioventric- 
ular or ventricular paroxysmal tachycardia cessation of paroxysms was 
seemed foui times, and great diminution of rate twice White, Marvin 
and BurwelU noted abolition of ventricular premature beats, in one 
case, during continued medication with small doses of quinidin Smith ® 
reports excellent results m seventeen cases of premature beats and one 
case of paioxysmal tachycardia At this point I wish to leport a 
single case 

REPORT OF CASE 

Ilisloiy — (Case 20 [87796]) I W, a girl, aged 16, had suffered from air 
hunger on exertion ever since she could remember After climbing stairs, for 
example, she felt very dizzy, faint, short of breath and was conscious of 
unwonted fluttering of her heart She had never noticed edema She gave an 
ample historj^ of previous infections, numbering among them diphtheria, typhoid 
fever, scarlet fever, measles, pcUussis, chronic otitis media, numberless attacks 
of sore throat, and a questionable story of vaiiola Clinically, she presented the 
picture of chronic myocarditis and mitral stenosis, with clearly demonstrable 
enlargement of both the right and left ventricles and right auricle The rhythm 
seemed to be fundamentally under smo-auncular control, but was being con- 


* From the Medical Clinic of Lakeside Hospital and yVestern Reserve 
University 

1 A detailed list of references will not be attempted For comprehensive 
bibliographies see Hamburger J A M A 77 1797 (Dec 3) 1921 Oppen- 
heimer and Mann J A M A 77 1800 (Dec 3) 1921 Wolferth M Clinics 

^ ^ White, Marvin and Burwell Boston M & S J 

185 647 (Dec 1) 1921 

2 Boden and Neukirch Deutsch Arch f khn Med 136 181 1921 

3 Smith J A M A 78 877 (March 25) 1922 
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ttnualh interrupted by premature contractions which occurred sometimes singly, 
often m small groups, and frequently constituted long paroxysms of tachycardia’ 
The electrocardiogram (Fig 1) proved the origin of the premature beats and 
paroxysms to be at the same point m the wall of the right ventricle, and showed 
that the ectopic impulses were occasionally retrograde to the auricle The 
patient was put to bed and quinidin therapy carried out, as follows Decem- 
ber 3, 0 33 gm (5 grains) , December 4, 1 gm (15 grains) , December 5, 1 gm 



Fig 1 — Electrocardiogram of I W (Case 20, 87796) showing origin of pre- 
mature beats and paroxjsms In this and all succeeding figures one scale 
dnision of abscissae equals 0 04 second, of ordinates, 10'^ volt 



Fig 2— Electrocardiogram of I W show'ing absence of premature beats 


(15 grains) , December 6, 1 67 gm (25 grains) , December 7, 1 gm (15 grains) , 
December 8, 1 gm (15 grains) , December 9, 1 gm (15 grains) 

December 7, after 5 gm of the drug had been taken, the arrhythmia was 
observed to be absent Whereas before it had been impossible to secure an 
electrocardiogram w-illiout the appearance of great numbers of the premature 
beats. It was now easy to do so (Fig 2) December 9, the efficacy of the 
treatment was tested by having the patient climb several flights of stairs, 
immediately after w'hich an electrocardiogram was made (Fig 3) it will 
be seen that tlie paroxysms are prominent The conclusion was that, although 
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the naroxvsms could be abolished so long as the patient remained at rest, the 
fosai reCred to control them during exercise was too high to be prac- 
ticable in continued use, and the attempt was, therefore, abandoned 


It IS probable that disordered mechanism was in this case one of the 
factors contributing to the patient’s disability, but inasmuch as the 
disability appeared only during exercise, when the tachycardia could 
not be controlled adequately, the relative contribution could not be 
gaged accurately Qumidin directly depresses the excitability of heart 



Fig 3 — Electrocardiogram of i W Lead I shows a continuous paroxysm 
of ventricular tachycardia Leads II and III show the beginning and end of 
paroxysms Rate of tachjcardia, l36 per minute 


muscle, and therefore maj inhibit any ectopic focus of origin of 
impulses to a degree sufficient to prevent paroxysms of tachycardia 
The action is clearly analogous to the experimental observation, con- 
curred in by most investigators, that the threshold for the production 
of premature beats or auricular fibrillation is tremendously exalted by 
quinidm Failure was encounteied m the case described because the 
heart muscle was not susceptible, withm safe limits of dosage, to this 
action of quinidin In other cases of similar character the paroxysms 
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ma}' not only be terminated immediately, but permanently prevented 
by giAing small doses of quinidm It is obvious that the result can 
nevei be predicted in any case 

Ceilain obseivations made by Levy ^ are peitment to this discussion 
In one patient he found ectopic ventricular tachycardia occurring among 
the mechanisms transitional between auricular fibrillation and normal 
rh}thm, and later in the same patient, paroxysms of auricular tachy- 
cardia interrupting the established, normal mechanism In other 
patients ectopic ventricular tachycardia was observed three times No 
explanation of this contradictoi}' occuirence suggests itself, unless it 
be that small doses of the drug may, in certain instances, produce a 
preliminary lowering of the threshold of excitability, to be succeeded 
by latei exaltation of the threshold under the influence of larger doses 

It IS in arrhythmias of the second class, auricular fluttei and auric- 
ulai fibrillation, that quinidin theiapy has its wudest application At 
this point it is necessary to refer briefly to the new theoiy of circus 
ino\ cment, so ablv supported by Lcwms and his co-workers ° This 
theory has already been accepted widely, that it wull require material 
leMsion seems unlikely By means of it w^e are made to appreciate the 
fact that flutter and fibrillation are essentially^ of the same character, 
dificnng only in that in the former the circulating w^ave of excitation 
tra\cls always in a constant anatomic path, wdiereas m the latter it 
lra\cls on a path w’hicli ^arles m gi eater or less degree from cycle to 
cycle. It is to be expected, therefore, that if quinidm modifies the 
underhung circus mo\ cment it wall affect flutter and fibrillation in 
identical ways This expectation cannot be tested fully’’ until our 
picsent acquaintance with the action of quinidm in chronic auricular 
flutter has been extended considerably The theory of circus movement 
IS thoroughly competent to explain the mechanism of action of quinidm 
in abolishing auriculai fibrillation ® — a phenomenon wdnch would other- 
WMse be most obscure It is remaikable that restoration of a normal 
cardiac mechanism is seemed m almost exactly 50 per cent of all cases, 
a fact wdnch of itself strongly suggests that restoiation depends solely 
on some fundamental relation betw’een the action of the diug and the 
pathologic physiology of the auricular muscle Conversely, the action 
of the di ug seems to offer additional proof of the theory, for the gradual 
transition, seen in clinical electi ocardiagrams, from fine weaved fibrilla- 
tion through coarse w’aved fibrillation, impure flutter and pure flutter, 
to normal rhythm, strongly suggests that fibrillation and flutter are due 

4 Lcv> Proc Soc Exper Biol & Med 19 88, 1921 

5 Lc\ms Heart 7 127. 131, 191, 247, 293, 1920 , 8 193, 1921 

6 Lei\ IS, Driir}’, Jliescu and Wedd Brit M J 2 514 (Oct 1) 1921, 
Heart 9 55. 1921 
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to the same fundamental cause, and that fibrillation is simply an 

advanced degree of impure flutter 

A review of the literature establishes the fact that in any given case 
of auricular fibrillation one can never predict whether or not quinidm 
will be able to restore a normal mechanism, or, once restored, to main- 
tain It With this fact my own clinical experience with quinidin is in 
complete agi eement Incidental circumstances, such as the character 
of the cardiac lesion, the degree of decompensation, the duration of the 
disoideied mechanism, the age of the patient, etc, are not essentially 
related to failure or success with quinidm Many examples of this 
appear among the cases selected for report If Case 2 be compared 
with Case 17, one finds that in both patients high arterial pressure was 
a prominent feature, associated with chronic myocardial disease and 
chionic nephritis Case 2 retained auricular fibrillation after 11 gm of 
the drug had been given, whereas Case 17 responded with a normal 
rhythm after 13 gm The outstanding lesions in Cases 22 and 24 was 
primary myocardial disease, the former was not affected by 17 gm of 
quinidm, but sequential rhythm was easily secured in the latter by 2 gm 
Comparison of Case 19 with Case 25 shows that m both cases chronic 
endocarditis of the mitral valve was present, Case 19 underwent no 
change m mechanism after 16 gm of the drug had been given, whereas 
Case 25 responded with a normal rhythm after the last course of 13 33 
gm In Case 17 auricular fibrillation soon recurred, and normal 
mechanism was not again restored by 8 33 gm Case 27, of similar 
type, responded to the drug with disturbance in intraventricular con- 
duction before any eftect on the circus movement was manifest That 
fibrillation of very long duiation may often be abolished with the great- 
est ease was well exemplified by Case 24 The disordered mechanism 
was known to have persisted in this patient for five years, yet a total 
of 2 gm of quinidm was sufficient to restore a sequential mechanism 
One of the best therapeutic results was secured in Case 14, although 
the patient declared that he had had an uneven pulse** for at least ten 
3''ears In this patient 5 grains of quiniUin every forty-eight hours are 
sufficient to maintain the normal rhythm, wheieas m Case 24 from 15 
to 20 grams are required in twenty-four hours Several of our patients 
over 70 years of age were among those most susceptible to quinidin 
therapy The conclusion of Drury and Ihescu ® that both successful 
and unsuccessful cases form heterogeneous groups has become 
universal 

The outstanding contribution made to clinical cardiology by the 
introduction of quinidm is the opportunity which it affords of studying 


7 This issue, page 32, Figure 45 

8 Drury and Ihescu Brit M J 2 511 (Oct 1) 1921 ^ 
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quantitatively the lole of auiicular fibrillation in myocardial failuie 
As clinicians, we have often been at a loss in attempting to evaluate the 
disoideied mechanism In most instances it has been impossible to 
deteimine whcthei auiiculai fibi illation was meiely one of a number of 
lelatnely insignificant details m the clinical pictuie of caidiac decom- 
pensation, 01 whethei it contributed directly to the altered dynamics of 
the ciiculation By means of qumidin we can leach a solution of this 
pioblcm, foi m eveiy case in which auiicular fibrillation can be split 
oft by selectuc diug action fiom othei possible factors in heait failuie 
ve aie able to gam an unobstiuctcd view of its paiticipation m the 
production and maintenance of decompensation We have been pio- 
Mcled ^Mth a theiapeutic test compaiable to that which we apply to the 
problem piesented by the patient whose an hunger may be due to 
pulmonary emphysema, to bionchiolai hypei tonus, oi to both If the 
question cannot be answeied by ph}sical signs alone, we may readily 
<^01x0 It b} obserMiig the efiect of epinephiin on the physical signs, vital 
capacity, and subjcctne s}mptoins Similaily, if a patient’s heait 
failuie be due to high aiteiial piessure, to auiicular fibrillation, or to 
both we ma}' c\alu,ite the contiibution of the disordeied beat by sub- 
'<tituting foi It a noimal caidiac mechanism 

In ordei to gain a compichensne conception of the contribution 
of auiiculni libnllation to heart failuie it is essential that a normal 
cardiac mechanism be seemed m as man} cases as possible We have 
ahead} seen that both succc'^sful and unsuccessful cases for heter- 
ogeneous gioups, that the only condition governing lestoration of 
noimal i In thin is the susceptibilit} of cncus movement to the action 
of the diug Thcoietic considerations, thciefore, impel us to employ 
quinidm impaitiall} in all cases of auiicular fibrillation On the other 
hand, it must be understood, as Hewlett and Sw^eeney ® have indicated, 
that any benefit dcined fiom the use of quinidm is pniely the result 
of a lestoicd normal mechanism, an indirect eftect of the diug Before 
proceeding further, we must inquiie into the natuie of the diug’s diiect 
efiect, and we find that quinidm is a muscle poison which exeits a 
distinctly depicssant action on the myocardium Whereas digitalis 
enjo}s almost unneisal application in caidiac failuie, the use of quinidm 
must be restricted not onl} to those cases of decompensation which have 
auiiculai fibrillation, but still fuithei within that group In every case 
we must decide as neaily as possible wdiethei the benefit to be expected 
fiom resumption of noimal ihylhm wull outweigh the harmful effect of 
quinidm as a muscle poison In other w^oids, we must foim the best 
possible qualitative estimate of the extent to which disordered mechan- 
ism contiibutes to caidiac disability, if this is impossible, the only 


9 Hewlett and Sweeney J A M A 77 1793 (Dec 3) 1921 
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question remaining for decision before applying the qmnidm test is the 
ability of the myocardium to withstand the temporary depressant action 
of the drug Increasing experience with quinidm will help us to make 
these decisions From these considerations it is obvious that every 
patient with cardiac dilatation or stasis of any degree should have the 
full benefit to his myocardium of digitalis before he is subjected to 
quinidin 

In order to test the effects of quinidm to the fullest extent, it has 
been my practice to employ it impartially m all cases of auricular 
fibrillation, exercising all possible precautions in view of the possible 
dangers of such procedure Illustration of some of the points which 
I have discussed is furnished by one of oui patients (Case 3) who had 
been under intermittent observation for a period of ten years, and was 
known to be exceptionally prone to acute dilatation of the heart Slight 
emotional excitement was alone sufficient to bring on an attack We 
were fully cognizant of the advanced state of his myocardial and 
endocardial involvement, and were convinced that auricular fibrillation 
was a relatively insignificant feature of his chronic cardiac decompensa- 
tion It was confidently predicted that the harmful effect of quinidm as 
a muscle poison would greatly outweigh any benefit which might be 
expected from resumption of normal rhythm Quinidm therapy was 
three times interrupted by acute dilation of the heart It cannot be 
said without qualification that quinidm was the sole cause of car- 
diectasis, for such an event had been observed numberless times, and 
was not more frequent or severe during quinidm administration than at 
other times On the other hand, it is Well to assume, if necessary, that 
quinidm was at least partially responsible From this experience several 
conclusions may be drawn In the first place, it is perfectly clear that 
the only important effect of qumidin in this patient was its depressant 
action on the myocardium For this reason the experiment Avas neces- 
sarily terminated before any conclusions concerning the role of auricular 
fibrillation could be reached Pursuing this point still further, however, 
it is possible that the actual means by which the direct depressant action 
of the drug was exhibited, rendering decompensation still Avorse, was 
the substitution of unaccustomed transition rhythms for an arrh3U:hmia 
foi which, during long sufferance, the myocardium had thoroughly com- 
pensated Eyster and Fahr have called attention to this possibility 
There is little doubt that it represents an additional vieAvpomt from 
Avhich the clinical use of quinidm must be regarded 

In many patients, however, compensation is not adversely affected 
by transition rhythms, even if the original arrhythmia is of long stand- 
ing As an extreme example. Case 7 may be cited As far as 
compensation Avas concerned it made no apparent difference to this 


10 Eyster and Fahr Arch Int Med 29 59 (Jan ) 1922 
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patient what his cardiac mechanism might be On several occasions, 
while maintaining a noimal mechanism under the influence of quinidin, 
he suddenly developed auricular flutter with immediate doubling or 
tripling of the ventricular rate These and other changes occurred 
lepeatcdly without notice to the patient or modification of his condition 
His subjectne and objective signs seemed entirely independent of fibril- 
lation, flnttei, or normal rhythm I have had opportunity to observe 
numerous othei cases of similar character 

It lemains for us to inquire into the results which may be ascribed 
to resumption of normal cardiac mechanism In some cases no bene- 
ficial results are evident eithei the patient is m worse condition because 
Ins m}ocardium leactcd unfavorably to the depressant action of the 
drug, 01 to tiansition ihythms, or his state remains essentially 
unchanged In Case 17, for instance, it was demonstrated that a normal 
rh}(Iim made no perceptible difieience in the patient’s condition It 
might have been possible, but certainly appeal ed unprofitable, to attempt 
to maintain the established sinus mechanism A review of such cases 
strongly suggests that eithei auricular fibi illation may exist without m 
the least embarrassing the circulation, oi that the myocardium, having 
compensated for the embaiiassment mcuired at the onset of auricular 
fibrillation, is nou indifTerent to any alteiation in cardiodynamics which 
may be caused by ai rhylhmias of this character 

In a considerable number of patients, howevei, auricular fibrillation 
lb a major factor for producing and maintaining myocardial decompen- 
sation, and these patients aic tremendously benefitted by permanent 
restoiation of their noimal cardiac mechanism A brilliant illustiation 
IS furnished by Case 14 After having been wholly incapacitated foi a 
period of nine months b) leason of myocardial incompetence, this 
patient was rapidly restored to his formci vigoi and was soon able to 
resume his duties as a street-car conductor In peifecl comfort he 
continues regularly at his work fifty or sixty hours a week, and feels 
that his health is as good as it ever was His case may be summed up 
by saying that with auiicular fibrillation he is a caidiac invalid, whereas 
with sinus rhythm he is a healthy man and an efficient economic unit 
Another illustration is lecorded in Case 24 This patient had 
suffered from continuous aunculai fibrillation and repeated attacks of 
severe cardiac decompensation for a period of five years, and his myo- 
cardium had never been able to compensate for the disordered 
mechanism Although he was brought from a moribund state to a 
condition of relative comfort by means of digitalis and rest in bed, the 
last steps in attaining pei feet compensation could not be accomplished 
by these measures He still retained an annoying sense of precordial 
distress, and was still unable to he flat in bed on account of air hunger 



44 


ARCHIVES OF INTERNAL MEDICINE 


Coincident with the resumption of normal rhythm all lernaming symp- 
toms disappeared promptly and completely, and the patient declared 
that he felt better than at any time m ten years Under conditions such 
as these the tendency to recurience of decompensation is greatly less- 
ened, and the need for continuous digitalis therapy removed entirely 

One who has had oppoitunity to observe therapeutic successes of 
so impressive a chaiactei will be able to appieciate the great importance 
of a normal rhythm to numbers of our cardiac patients Quimdin 
therapy has already been of such remarkable service in its peculiar field 
that to render it safe and generally applicable within that field calls 
for our most earnest efforts 

Brief reference may be made to the possibility of embolism subse- 
quent to restoration of normal mechanism, to which attention has been 
called by Wilson and Herrmann, Ellis and Clark-Kennedy, Mackenzie, 
Orr and others As Wilson and Herrmann have indicated, patients 
with paroxysmal fibrillation are spontaneously subjected to the danger 
of embolism In this connection, therefore, we may consider only the 
chronic fibrillators, in whom the danger is unquestionably a real one 
On the other hand, are the cases of embolism from this cause more 
frequent than those which commonly occur in fibrillators who are being 
treated intensively with digitalis, or is it that we hear more of them by 
reason of the prominence of quinidm in medical literature^ It is my 
belief that the actual percentage of such cases will be found almost 
equally divided between the two causes W e feel it our duty to extend 
the benefit of digitalis to our patients, although we realize fully the 
likelihood of subsequent embolism Similarly, I believe we shall find it 
our duty to extend the benefit of a noimal cardiac mechanism without 
probability of greater hazard 

CLINICAL REPORT 

Techmc — Quinidm sulphate was administered by mouth in all cases, 
to the first patient m solution, to all subsequent patients in gelatin 
capsules, sometimes with the lid of the capsule removed Approxi- 
mately sixteen hours after the initial dose of 0 33 gm (5 grains), 
designed to test the possibility of idiosyncrasy to cinchona, the admin- 
istration IS usually begun with 0 33 gm four times a day After a few 
days this amount is giadually increased if necessary The largest 
twenty-four hour dosage was 3 33 gm (50 grains), and the largest 
total dosage was 36 0 gm (545 grains) over a period of twenty days 
with one intermission of two days (Case 25) Each patient has been 

11 Wilson and Herrmann J A M A 78 865 (March 25) 1922 

12 It IS worthy of note that Boden " has ventured to employ the drug intra- 
venously in doses as high as 0 4 gm (6 grains) He reports no untoward 
results from this procedure 
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hospitalized foi the hist course of tieatment, but not, as a rule, for 
subsequent tlieiapy In view of the known tendency of auiicular fibril- 
lation to lecui, continuous tieatment with quinidin following resumption 
of noimal rhythm is, of couise, essential, just as continuous digitalis 
therapy has been essential m auriculai fibrillation For this purpose 
the smallest efiective dosage is used It is a cuiious fact that many 
woi kei s have expected the sinus mechanism, once restored, to continue 
indefinitely without suppoit, and have regaided a i elapse to fibrillation 
undei these conditions as evidence that tieatment with quinidm is a 
fniluie It IS to be emphasized that the only impoitant consideration 
in quinidin therapy is to obseive the effect of noimal rhythm on com- 
pensation ovei the longest possible peiiod of time 

Unpleasant S 3 mptoms attiibutable to quinidin have been mcon- 
'^picuous There veie a few instances of headache, tinnitus, fleeting 
Msiial distui bailee, iestlcs«mess nausea and vomiting, but nothing of an 
alarming natuie appealed except as desciibed m Case 3 

Thiit 3 -';ix patients ha\e received one or more couises of quinidin 
One of these (Case 20) was not a case of auricular fibrillation, three 
left the hospital befoie the treatment had been completed Of the 
remaining thiih-tvo cases, twenty (62 pei cent) responded with a 
normal mechanism It has been impossible to follow caiefully the 
subsequent course of eicnts in all cases, but it is fairly ceitain that 
permanent benefit has been secured m fifteen cases, which is 47 per cent 
of the entile senes and 75 pei cent of the lestored cases 

Elect} oca) (Log) avis — These aic anal 3 'zed m the accompaying table 
It will be noted that m se\eral cases the P-R mteival exceeds the uppei 
limit of normal, but to assume from this that quinidin depi esses A-V 
conduction is obviously unjustifiable foi the reason that we have no 
means of knowing the original P-R interval Furthermoie, such an 
assumption means a dispropoitionatcl 3 gieat depression of A-V con- 
duction m contiasl with othei effects, for disturbance of intra-aui icular 
conduction occuiied but once and the recoided changes m QRS 
intenal aie negligible That piolongation of the P-R interval is 
e\tiemel 3 ' unhkel 3 ' undci clinical conditions is apparent from a consid- 
eration of the cxpciimental lesults reported in my pieceding paper 
I^Ioieovei, I have knowledge of one case m which a very long P-R 
interval appealed aftei the abolition of fibrillation, but reference to a 
contiol record, made some time before the original onset of the patient s 
disoideied mechanism, showed this long interval to be the natural one 
for the patient The aveiage P-R time for the twenty patients is 0 183 
second, which might well be the average for a like number of normal 
hearts 
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Analysis or Electrocardiograjis 
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Although notching and semi-inversion of the P wave seem extraor- 
dmaiily common, deductions theiefroin are open to the same criticism 
as those concerning the P-R interval However, one is probably justi- 
fied 111 the belief that the fiequent changes m diiection and sign of the 
P wave, often conspicuous fiom beat to beat, which take place for a 
time after lesumption of noimal ihythm, are due to instability in 
location of the pacemaker Changes in voltage of the initial phases of 
the ventricular electrocardiogram, occasionally associated with minor 
alterations in the character of the individual waves, is rather common, 
but no explanation is fortlicoming 

The pioduction by qumidm of undoubted pure auiicular flutter at 
extremely low rates, reaching 130 pei minute m one of ray patients 
(Case 8, Fig 16), is one of the most interesting features from the 
standpoint of ihythm It is necessary to revise the old dictum that 
flutter IS unlikch at lates slower than 200 per minute 

PROTOCOLS 

Detailed reports of sc\en successful and six unsuccessful cases from 
oui senes arc gn en 

C\si 1 (8401 1) — A B, Avoman, aged 50, had noticed no symptoms of heart 
disease until March 8, 1921, -when she vas subjected to a severe fright Imme- 
dnlclj sJic hccainc conscious of palpitation, tachycardia, and air hunger Her 
symptoms progressively increased, and when examined, April 15, she was found 
to ha\c primary myocardial disease, moderately decompensated, and auricular 
rihnllation There was no arterial hypertonus Patient improved under digi- 
talis. and was not seen again until ^lay 20, 1921, when decompensation was 
found to haAC returned After the phvsiologic effect of digitalis had been 
secured, quinidin sulphate, in solution, AA'as given as folloAVS May 23, 1 gm 
(15 grams), Itfay 24, 0 33 gin (5 grains) , May 25, 1 33 gm (20 grams), May 
20. 0 67 gm (10 grains), total, 3 33 gm (50 grams), patient vomited some of 
the drug, so that the exact amount retained is unknoAvn Normal mechanism 
became established May 26, and AA'as folloAved by great improvement in sub- 
jectiAc symptoms and possibU lessened cardiectasis Auricular fibrillation has 
not recurred and compensation is being aa'cII maintained 

Casi 2 (6) (85869) — C T , man, aged 50, had suffered from air hunger on 
exertion for ten months At 36 he had passed through an attack of scarlet 
fcAcr Clinically', the picture Avas that of primary myocardial disease with 
slight enlargement of both right and left A'cntricles, and auricular fibrillation 
There aa.is no evidence of stasis, hence digitalis Avas omitted and quinidin 
thciapy' iininediately' instituted as folloAvs August 4, 133 gm (20 grains), 
August 5, 1 33 gm (20 grains) , August 6, 2 67 gm (40 grains) , total, 5 33 gm 
(80 grains) MHiile the patient AA'as in the act of palpating his radial pulse the 
evening of August 6, he noted a short period of very rapid rate, suddenly 
interrupted by a change to sIoav, regular beating, Avhich continued Avithout 
further incident FolloAving the resumption of normal mechanism, the symp- 
toms Avcrc Avholly' alleviated, and the patient Avas able to continue an active 
life in perfect comfort, Avithout therapy, for nearly five months Auricular 
fibrillation reappeared, Jan 26, 1922, accompanied by considerable discomfort, 
and was again abolished by a total dosage of 3 67 gm (55 grams) of quinidin 
sulphate The clinical result Avas as brilliant as on the former occasion 

Cam. 3 (7) (85848) — G S , man, aged 43, had been incapacitated since 1917 
because of air hunger, Aveakness, edema and ascites In April, 1920, ten liters 
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of fluid had been removed from the peritoneal cavity, and there had been many 
subsequent taps In September, 1920, the patient was found to be severely 
decompensated, with extensive cardiac enlargement, auricular fibrillation, tre- 
mendous ascites, swollen liver, bilateral hydrothorax, and dependent edema 
Rest and thorough digitalization restored good compensation In August, 1921, 
the patient presented himself in a condition almost identical with that of the 
previous year Rest and digitalis were again effective in restoring compensa- 
tion Patient was relieved of 30 pounds of edema and became very comfortable 
Physical examination showed extensive symmetrical cardiac hypertrophy, 
auricular fibrillation, and atrophic cirrhosis of the liver Synechia cordis was 
considered a chief factor in the myocardial disease The blood Wassermann 
was negative Quinidin sulphate was given as follows August 10, 1 33 gm 
(20 grains) August 11, 0 33 gm (5 grains), total, 166 gm (25 grains) 
Normal rhythm became established August 11, immediately following a pulsus 
bigeminus of unknown origin The unstable character of the patient’s cardiac 
mechanism was soon revealed August 19, three days after discharge from the 
hospital, auricular fibrillation had returned Five days later, after 3 33 gm 
quinidin had been given, normal rhythm was found to be restored Thereafter 
a daily dose of 0 67 gm was given until September 7 August 31 found the 



Fig 4 — Electrocardiogram of Case 3 (7) Pure auricular flutter Auricu- 
lar rate 250, ventricular rate, 125, per minute 

patient with a normal mechanism, but September 7 an electrocardiogram showed 
pure auricular flutter (Fig 4) Quinidin was withdrawn, and two days later 
fibrillation had returned Tincture of digitalis was then begun and continued 
uninterruptedly until September 30, when normal rhythm and digitalis coupling 
appeared simultaneously (Fig S) All medication was then discontinued 
Examination October 7 and 14 showed uncomplicated normal rhythm Similar 
changes in rhythm were repeated many times in the ensuing months Although 
a daily ration of from 1 to 1 33 gm quinidin might have sufficed to preserve 
normal mechanism indefinitely, it became apparent that myocardial compen- 
sation was entirely independent of rhythms 

Case 4 (14) (83579) — C M, male, aged 52, suffered severely from acute 
articular rheumatism at 14, and again at 21, at which time the first symptoms 
referable to heart disease made their appearance Aside from slight shortness 
of breath on exertion, however, the patient remained in good condition until 
early in 1921, when he became seriously decompensated Thereafter, he was 
never free from air hunger, weakness, edema and ascites He presented the 
clinical picture of mitral regurgitation, with moderate enlargement, predomi- 
nantly of the left ventricle, and auricular fibrillation The latter was known 
positively since March 25, 1921, but the patient declared that his pulse had 
been constantly “uneven” for at least ten years On several occasions rest 
and digitalis restored a considerable degree of compensation, but he failed to 
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regain his former comfort and capacitj^ Finally, after thorough digitalization, 
quinidm sulphate was given as follows October 26, 1 gm (15 grams) , October 
27, 2 gm (30 giaiiis) , October 28. 2 gm (30 grams), October 29, 2 33 gm 
(35 grains) , October 30, 2 67 gm (40 grams) , October 31, 1 33 gm (20 grains) , 
total, 1133 gm (170 grams) Normal mechanism appeared October 31, com- 
plicated at first b 3 intra-auncular block" and by auricular premature beats 
The change to sequential rhythm was signalized by remarkable improvement 
in the patient’s condition, the details of which have already been described 
Small doses of quinidm (0 33 gm m from twenty-four to forty-eight hours) 
\Nere continued from No^ ember 9 to December 21. then omitted Patient’s 
condition remained unchanged until Jan 30, 1922, when suddenly the former 
indefinable uneasiness and lessened capacity returned by leason of reversion 
to auricular fibrillation A small amount of quinidm (1 gm ) immediately 
restored normal rluthni, and, thereby, adequate minute-volume flow of blood 
The discomfort disappeared at once and the patient resumed his activities 
Since that time he has regularlj taken 0 33 gm quinidm on alternate days, m 
consequence of which normal mechanism and compensation are perfectly 
maintained 

Cash 5 (17) (87473) — E H, female, aged 51, weighing 250 pounds, had 
shown sjmploms of mjocardial incompetence for three years She complained 
of shortness of breath, palpitation, headache, dizziness and slight edema of the 
ankles Although the sjmptoms had gradually increased m severity, there had 
been no complete cardiac failure Patient was found to be suffering from severe 
arterial hj'pertonus (240/140), chronic m 3 'ocardial disease with auricular fibril- 
lation and failing compensation, and chronic interstitial nephritis After con- 
siderable impro\cmcnt had resulted from measures designed to reduce the arte- 
rial h\perlonus, quinidm sulphate was gnen as follow’s 

From No\ ember 18 to November 26, 13 00 gm (195 grains) 

From No\ ember 29 to December 5, 8 33 gm (125 grains) 

Xoriinl rhjthm became established November 26, but soon gave way again to 
auricul ir fibrillation whicli the second course of quinidm failed to abolish It 
was determined from subsequent observation that sequential mechanism con- 
trihutcd notliing toward betterment of the patient’s condition 

Cas! 6 (24) (88337) — F F, a man, aged 65, began to have palpitation and 
edema in June, 1916 His condition gradually grew w'orse, and m January, 
1917, he was admitted to the hospital in a state of moderate decompensation 
He presented the picture of primary mj'ocardial disease w'lth auricular fibril- 
lation, and chronic nephritis There w'as extensive enlargement of both right 
and left eenlricles and right auricle Blood pressure was 135/85 After a 
month’s treatment he was well compensated, and underwent a herniorrhaphy 
before lca\ mg the hospital 1 he next cardiac breakdown occurred m 1919, 
when he spent four months m the Cleveland City Hospital and again recovered 
good iinocardial function His third experience of heart failure began m 1921, 
culminating in Januarj, 1922, m his admission to the hospital m a condition 
oi the most extreme m 3 0 cardial decompensation Once again there was a 
prompt response to rest and digitalis, but orthopnea and slight precordial 
anxict 3 '’ persisted 

Patient was treated at Lakeside Hospital in December, 1902, for lead poison- 
ing There was no eMdence of heart disease at that time Although the patient 
numbers t 3 phoid fever and pneumonia among his past illnesses, and admits that 
he has been intensnely treated for syphilis on several occasions, it is probable 
that his m 3 0 cardial disease did not originate from these sources Auricular 
filirillation has persisted for five years Quinidm sulphate was given as follows 
Januar 3 20, 0 33 gm (5 grains), January 21, 0 67 gm (10 grains), January 22, 
1 gm (15 grains), Januar 3 ' 23, 033 gm (5 grams), total, 2 33 gm (35 grains) 
Normal rh 3 ’thm appeared January 22, after 2 gm had been given Almost 
immcdialeh’ the persisting precordial anxiety and orthopnea vanished, leaving 


13 1 his issue, page 23, Figure 17 
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the patient in perfect comfort It was soon discovered that a daily dose of 
1 gm was the amount required to prevent return of fibrillation This dosage 
has been continued for several months with entirely satisfactory results 

Case 7 (25) (88484) — M C , a man, aged 52, had been perfectly well until 
late in December, 1921, when he was suddenly seized with precordial pain and 
extreme air hunger The symptoms were so severe that the patient was at once 
incapacitated The etiology of his heart disease could not be determined from 
the history He was found to have chronic myocardial disease with mitral 
stenosis and auricular fibrillation There was no demonstrable stasis The 
sudden onset of his trouble was interpreted as the result of the initial appear- 
ance of auricular fibrillation Quinidin therapy was carried out as follows 



Fig 5 — Case 3 (7) Electrocardiogram made after digitalization 
Fig 6 —Electrocardiogram of Case 7 (25) showing auricular fibrillation 
Fig 7— Electrocardiogram of Case 7 showing pure auricular flutter Auricu- 
lar rate 272 per minute Ventricle arrhythmic 

Fig 8 — Electrocardiogram of Case 7 showing auricular fibrillation 
Fig 9 — Electrocardiogram of Case 7 showing pure auricular flutter 
Auricular rate 272, ventricular rate 68, per minute 

Fig 10 — Electrocardiogram of Case 7 showing pure auricular flutter 
Auricular rate 206, ventricular rate 103, per minute 

January 16, auricular fibrillation (Fig 6) , January 23, 1 00 gm (15 grains) , 
January 24, 1 33 gm (20 grams) , January 25, 1 67 gm (25 grams) , January 
26, 1 67 gm (25 grains) , pure auricular flutter (Fig 7) , January 27, 1 33 gm 
(20 grams), auricular fibrillation (Fig 8) , January 28, 200 gm (30 grains) , 
January 29, 2 00 gm (30 grains) , January 30, 2 67 gm (40 grams), pure auric- 
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ular flutter (Fig 9) , January 31, 2 67 gtn (40 grams) , February 1, 267 gm 

(40 grams), pmc auiicular flutter (Fig 10) , February 2, 2 00 gm (30 grams), 

impure auricular flutter, February 3, auricular fibrillation, February 6, 0 67 
gm (10 giains) , February 7, 2 67 gm (40 grains), February 8, 3 33 gm. (50 

giams), Februarj 9, 3 33 gm (50 grains), February 10, 3 33 gm (50 grains), 

normal mechanism (Fig 11), total, 3634 gm (545 grains) The entire 
medication uas carried thiough without incident In the ensuing three 
months small doses (0 33 gm in from twenty-four to forty-eight hours) have 
sufficed to maintain normal rhythm Patient’s compensation is constantly 
good, and he has been able to do light work 

C\sr 8 (2) (85017) — E S, a woman, aged 63, had suffered from steadily 
progressing edema and shoitness of breath since January, 1921 In June she 
was found to be in a condition of severe decompensation, with extensive edema, 
ascites and air hunger The clinical picture w^as that of chronic nephritis, 
aiteriosclerosis of the Gull and Sutton type, chronic myocardial disease and 
auricular fibrillation There W'as considerable enlargement of the right and 
left vcntiicics, prcdominantlj the left Blood pressure was 180/110 After a 
marked impro\cmcnt had been effected by means of rest and digitalis, quinidin 



Fig 11 — Elcclrocardiogram of Case 7 showing normal mechanism 

was given as follows Tunc 22. 200 gm (30 giains), June 23, 200 gm (30 

grams), Julj 1, 2 00 gm (30 grains), July 2, 0 67 gm (10 grains), July 13, 

133 gm (20 grams), Julj 14, 133 gm (20 grains), July IS, 133 gm (20 

grams) , July 25, 200 gm (30 grains) , July 26, 200 gm (30 grams) , July 27, 

2 00 gm (30 grams), July 28. 200 gn (30 grams), July 29, 2 00 gm (30 

grains), July 30, 100 gm (15 grams), total 2166 gm (325 grains) 
Ohe fust suspicion that compensation w'as being unfavorably affected by quini- 
din was ultimately disproved During the last course, at the end of which 
II gm (165 grains) had been taken, there w'erc no untowaid symptoms No 
change in mechanism w'as effected 

CAsr 9 ( 3) (82549) — J K , a man, aged 41, was suffering from very severe 
rheumatic endocarditis and myocarditis which had been steadily progressing 
for thirty years In May, 1921, he had tremendous cardiac enlargement, very 
severe stenosis and insufficiency of both the aortic and mitral valves, and 
chronic auricular fibrillation The disordered mechanism was a matter o 
hospital record m 1911 Reference has already been made to the frequency 
of acute dilatation of the heart in this case At the time when quinidin 
therapy was begun the myocardium was in a relatively good state 
pcnsation, that is, tlie patient was free from edema, there was no demonstrable 
stasis, and he was perfectly comfortable as long as he remained at rest in bed 
May 25. 1 00 gm (15 grains) , May 26, 167 gm (25 grains) Acute dilatation 
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of the heart occurred May 26. with the help of strophanthm the usual good 
recovery was made To comply with the patient’s desire, a second attempt was 
made June 10, 100 gm (15 grams) Tins was in turn followed by acute dilata- ’ 
tion with good recovery Finally. ,at the urgent insistence of the patient, a third 
course was started A daily dose of 0 67 gm (10 grams) was given from Aug- 
ust 22 to September 1, inclusive It was then discontinued for no other reason 
than severe tinnitus, later being resumed as follows September 5, 0 33 gm (S 
grams) , September 6, 067 gm (10 grains) , September 7, 0 67 gm (10 grains) , 
September 8, 0 67 gm (10 grains) , September 9, 1 00 gm (15 grains) , Septem- 
ber 10, 067 gm (10 grains) , September 12, 0 33 gm (5 grains) , September 13, 
0 33 gm (5 grams) , total, 4 67 gm (70 grains) 

Acute dilatation here made its third appearance, and was again recovered from 
without serious difficulty No more quiiudm was administered at any time 
Patient died more than three months later from acute myocardial failure 
Case 10 (8) (85833) — M R , a woman, aged 41, was found to be suffering 
from subacute myocarditis with failing compensation Her symptoms, which 
dated from 1917, had become greatly aggravated following an attack of pneu- 
monia in January, 1921 Edema first appeared m July, 1921 Physical exam- 
ination revealed symmetrical cardiac enlargement of moderate extent, auricu- 
lar fibi illation (Fig 12), bilateral hj'di othorax, ascites, and dependent edema 
Patient was very weak and short of breath While under observation in the 



Fig 12 — Electrocardiogram of Case 10 (8) showing auricular fibrillation 
Fig 13 — Electrocaidiogram of Case 10 (8) showing pure auricular flutter 
Auricular late 186, ventricular latc 93 per minute 

hospital she developed mitral stenosis Qumidin was started while some fluid 
still remained within the pleural and peritoneal cavities August 6, 1 00 gm (15 
grams), August 7, 133 gm (20 grams), August 8, 067 gm (10 grains), 
August 9, 133 gm (20 grains) , August 10, 1 33 gm (20 grains) , August 11, 
200 gm (30 grams), August 12, 067 gm (10 grains), total, 833 gm (125 
grains) Throughout this period compensation certainly did not improve, nor 
did It become appreciably worse, and there was no change m mechanism The 
second trial of quinidm was made after compensation had been well estab- 
lished August 28, 1 33 gm (20 grains) , August 29, 1 33 gm (20 grams) , 
August 30, 1 33 gm (20 grams) , August 31, 1 33 gm (20 grains) , September 
1, 0 67 gm (10 grams), September 2, 0 67 gm (10 grains), September 3, 
0 67 gm (10 grains), total, 7 33 gm (110 grains) August 31, after 4 gm , 
the pulse for the first time became regular and rhythmical, but remained fast 
An electrocardiogram showed pure auricular flutter (Fig 13) Massive doses 
of tincture of digitalis failed to cause i eversion to fibrillation Auricular 
flutter persisted thereafter for six months, during which time compensation 
was well supported and the patient comfortable so long as a high degree of 
A-V block was maintained by means of digitalis 

In March, 1922, an effort to carry the mechanism through flutter to normal 
rhjn;hm was made March 4, pure auricular flutter (Fig 14), March 11, 0 67 
gm (10 grams), March 12, 133 gm (20 grams), March 13, 133 gm (20 
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grams), pure auricular flutter (Fig 15) , March 14, 1 33 gm (20 grams) , 
March 15, 167 gm (25 grains), March 16, 2 00 gm (30 grains), March 17, 
2 33 gm (35 grains) , March 18, 2 67 gm (40 grains) , March 19, 2 67 gm (40 
grains), Match 20, 1 33 gm (20 grains), March 21, pure auricular flutter 
(Fig 16), total, 17 33 gm (260 grains) March 23, 2 67 gm (40 grams), 
March 24, 2 67 gm (40 grams) , March 31, 067 gm (10 grains), April 1, 2 67 
gin (40 grains) , April 2, 2 67 gm (40 grams) , April 3, 2 00 gm (30 grams) , 
total, 13 35 gm (200 grams) On several occasions the rate of flutter was 
driven verj low, but each time, at the critical point, medication had to be 
discontinued because of tinnitus, fleeting visual disturbances, nausea and vom- 
iting Permanent auricular flutter seems to be the final result m this patient, 
but hei condition is no woise than it was with fibrillation 

Cash 11 (19) (87641) — T N, a man, aged 49, began to have symptoms of 
nnocardial weakness in 1914, since which time he had never been free from an 



Pig 14 — Electrocardiogram of Case 10 showing pure auiicular flutter 

Auricular rale 230 per minute Ventricle aiihjthmic 

Pig 15 — Electrocardiogram of Case 10 showing pure auricular flutter 

Auricular rate 150, ventricular rate 75, per minute 

Pig Id — Electrocardiogram of Case 10 showing puic auricular flutter 

Auricular rate 130, ventricular rate 65, per minute 

hunger, weakness and edema He had accomplished only seventeen months’ 
work in seven years The clinical picture was that of severe synechia cordis, 
and mitral stenosis of rheumatic origin Theie was considerable enlargement 
of both right and left ventiiclcs, and light auiicle, and a very large, vigorously 
pulsating liver Blood pressure was 110/70 After compensation had become 
well established quinidm was given m the endeavor to rcstoie normal rhythm 
A total amount of 16 gm (240 grains) was administered over a period of 
eight days, without intermission, the maximum daily dose being 2 67 gm 
(40 grams) The disoidered mechanism was not abolished, and there was no 
evidence that compensation had been modified in any way 
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Case 12 (22) (87471) — G N, a man, aged 55, had suffered since 1917, from 
shortness of breath on exertion and pain in the epigastrium He had spent much 
time in hospitals on account of myocardial failure Physical examination in 
December, 1921, revealed moderate decompensation with slight dependent edema 
and left hydrothorax There was some enlargement of both the right and left 
ventricles, and right auricle, general arteriosclerosis and auricular fibrillation 
Records show that the fibrillation was present m February, 1919 Blood pres- 
sure was 130/80 After thorough digitalization, quinidin was given as follows 
January 3, 0 33 gm (5 grams) , January 4, 0067 gm (10 grains) , January 5, 
1 33 gm (20 grains) , January 6, 1 33 gm (20 grains) , January 7, 1 67 gm (25 
grains) , January 8, 2 00 gm (30 grams) , January 9, 3 00 gm (45 grains) , Jan- 
uary 10, 2 67 gm (40 grains), January 11, 2 67 gm (40 grains), January 12, 
1 33 gm (20 grains) , total, 17 00 gm (255 grains) 

There was no change m mechanism, and no modification of compensation 
Case 13 (27) (88173) — G M, a man, aged 65, began to notice unwonted air 
hunger and weakness in January, 1920 These symptoms grew gradually worse, 
and several months later edema of the ankles made its appearance Patient 
was admitted to the hospital Oct 25, 1920, in a state of decompensation, with 
extensive edema and ascites He presented the picture of chronic interstitial 
nephritis, chronic myocarditis, and auricular fibrillation Blood pressure was 
180/110 He was discharged Nov 30, 1920, in a greatly improved condition, 
and remained fairly well until September, 1921, when the former symptoms 
returned with renewed intensity He was readmitted to the hospital Dec 30, 
1921 Prior to admission he had been taking digitalis in sufficient amount to 
cause characteristic slow bigeminus pulse In spite of the strong digitalis 
effect, he had tremendous edema and ascites, swollen liver, and extensive 
dilatation of the heart Feb 1, 1922, all retained body fluid had been eliminated 
and compensation satisfactorily reestablished Qumidm sulphate was given 
as follows February 6, 0 33 gm (5 grains) , February 7, 1 33 gm 20 grains) , 
February 8, 200 gm (30 grains) , February 9, 2 00 gm (30 grains) , February 
10, 2 00 gm (30 grams) , February 11, 100 gm (15 grams) total 867 gm (130 
grains) The auricular fibrillation was not abolished, but February 10, after 
6 gm of the drug had been taken the electrocardiogram showed left bundle 
branch block’ Qumidin was withdrawn, and February 13 the branch lesion 
had completely disappeared “ 

SUMMARY AND CONCLUSIONS 

1 The result attained by the use of quinidm in a case of ventricular 
paroxysmal tachycardia is described The manner in which the drug 
acts m cases of this character is discussed 

2 Clinical evidence is presented which lends support to the theory 
that the action of quinidin in abolishing circus movement is not condi- 
tioned by the type of cardiac lesion, degtee of decompensation, duration 
of fibrillation, etc , but is essentially related to the pathologic physiology 
of the auricular muscle 

3 The most important contribution of qumidm to clinical cardiology 
IS that It provides a means by which the role of auricular fibrillation 
in myocardial failure may be quantitatively estimated 

4 Qumidm is universally a heart muscle poison In each patient 
an estimate of this effect must be carefully weighed against the expec- 

14 This issue, page 32, Figure 46 
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tation of benefit to be derived from restoration of normal sinus 
mechanism Indications for the use of digitalis and quimdin are entirely 
separate and clearly defined 

5 The effect of restored normal caidiac mechanism on compensation 
IS illustrated by pi esentation of cases 

6 Electrocardiograms made before and after resumption of normal 
1 hythm ai e analyzed 



ON THE TECHNIC OF THE DETERMINATION 
OF THE VELOCITY OF THE ARTERIAL 
PULSE WAVE 

CHRISTEN LUNDSGAARD and OTTO BEYERHOLM 

COPENHAGEN, DENMARK 

As early as the thud century B C , there was a conception m Greek 
medicine (Erasistiatus) that the pulse in the parts of the body nearest 
the heart appeared earlier than at the extremities This conception 
seems to have been forgotten until 1734, when it was emphasized again 
by Weitbrecht ^ The first to measure the time difference in the appear- 
ance of the pulse in the central and the more peripheral arteries was 
E H Weber,- in 1850 Weber used palpation of the pulse, and took 
the time on an oidinary watch He found by this means that the 
pulse wave in the dorsal artery of the foot appeared later than the 
pulse wave m the external maxillary aitery A few years after that, 
Vierodt,® m Geimany, and Marey,^ in France, introduced the sphyg- 
mograph In 1861, Buisson ® did the first determinations of the 
velocity of the pulse wave by means of a graphic method He 
used two Marey tambours, one was applied to the proximal part 
of an artery, and the other to a more peripheral part The motions 
caused by the pulse wave were conducted by means of air to two other 
tambours, to which small levers were attached The movements of 
these levers were registered on smoked paper on the same rotating 
cylinder The following methods, including ours, can be considered 
as developments of the Buisson principle, they differ in respect to the 
manner in which the movements of the arterial wall are transmitted, 
and in respect to the manner in which these movements are recorded 

After having tried diffeient methods, Czermak,® in 1864, devised 
a method, which, m its mam featuies, was the same as Buisson’s In 
1872, Landois transferred the movements of the pulse to the smoked 
paper by means of electromagnets Grummach,® m 1879, tried Landois’ 

■^From the Medical Clinic of the University of Copenhagen 

1 IVeitbrecht, J (Cited from Landois ) Comm acad imper scient 
Petropol 1734-1735, p 317 

2 Weber, E H Benchte uber die Verhandl Konigl Sach, Geschellsch 
d Wissensch Math -phys , Classe 1850 3 196, 1851 

3 Vicrordt, K Die Lehre vom Arterienpuls in gesunden und kranken 
Zustanden gegrundet auf emer neue Methode der bildlichen Darstellung des 
mench Pulses, Braunschveig, 1855, p 56 

4 Marey Recherches sur le pouls au moyen d’un nouvel appareil 
enregistreur — le sphygmographe, Pans, 1860 

5 Buisson, P C Gaz med 20 319, 1861 

6 Czermak, Y N Prager med Wchnschr , No 17, 1864 (cited after 
Landois) 

7 Landois, L Die Lehre vom Arterienpulz Berlin, p 294, 1872 

8 Grummach, E Arch f Anat u Physiol (Physiol Abteil), p 416, 1879 



LUNDSGAARD-BEYERHOLM— ARTERIAL PULSE WAVE 57 

method, but found that it had too many possibilities of error, and 
he himself devised a method, which m its mam features corresponded 
to Buisson’s, but m which an improved method of time marking was 
employed The Buisson-Grummach method became the standard 
method used in studies of the velocity of the pulse rate in the following 
period It seems easy, but it has, however, several difficulties, particu- 
larly in the adjustment of the levers to the smoked paper If they are 
too tight, the mo\ements aie hampered, and if they are not tight 
enough, the recoiding of the movements is unsatisfactory It is 
furthcrmoie necessaiy to have the points of the levers in perpendicular 
lines (one above the other) , if they are not, it is necessary to determine 
the horizontal distance between them, which is not always possible 
Ruschke ti led to a\ oid these difficulties by a photographic record of 
the mo\cmenls of the levers His method is rather difficult to use, 
because it icquiies that the work be done in the daik 

An extensne histoiical leview of the technic has been made lately 
by Laubr}, Mougeot, and Giroux^® These investigators themselves use 
the Buisson-Grummach method In 1920-1921 the hot wire apparatus 
was introduced into medicine (Tucker,” Hill”) for registration of 
pulse and heait beat and of mo%ements of similai kind The oscilla- 
tions of a slimg which is a part of a Wheatstone bridge, are lecorded 
on an electrocaidiograph It moves wdien it is cooled from the pufi: of 
air caused b) the movement of the skin over the vessel The stream of 
air IS conducted through a rubber tube In 1921 it w^as applied by 
Hill ” to a dcteimmation of the ^eloclty of the pulse wave, and in 1922 
Bramwcll and Hill” published a few^ determinations on patients By 
this method extremely beautiful cun'^es of the pulse are obtained We 
think, how^e^er, that the usual transmission by means of rubber tubes 
and tambours is more practical for oidinary clinical purposes than the 
vaiy ingenious hot wnre method, and it does not seem to be less accurate 
if the rubber tubes aie of equal lengths and the tambours equally 
moveable 

It had also occuried to us,”’ in attempting to study the velocity of 
the arterial pulse w’a^e, that the camera of the electrocardiograph might 

9 Ruschke, K Beitrag 7 ur Lchrc von dcr Fortplanzungsgesclwvindigkeit 
dcr Pulswcllen bci gcsuiidcn und kranken Individuen, Dissert, Jena, 1912 

10 Laubri, Qi Mougcot, A, and Giroux, R Arch d mal du coeur 2 
49, 1921 

’ll Tucker, W S, and Pans, E T Phil Tr Roy Soc London 221 389, 
1921 

12 Hill, A V Lancet 2 752, 919, 1921, J Physiol 54 53, 1920 

13 Hill A V J Phjsiol 54 119, 1921 

14 Bramwell, J C , and Hill, A V Lancet 2 891, 1922 

15 A preliminarj report of our procedure has been given in the Danish 
Society for Internal Medicine, April, 1921, and in Compt rend Soc de biol 
84 371, 1921 
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be employed to record the curve obtained from the arteries The use 
of this apparatus made it possible, at the same time, to inscribe the 
electrocardiogram 

The procedure adopted is as follows Two arterial pelotes are 
applied as usual, one to the carotid, and one to the ladial artery Two 
rubber tubes of equal length transmit the movements of these pelotes 
by air to two tambours, so placed on an appropriate support, that the 
recording levers aie from 20 to 30 cm from the narrow slit of the 
camera of the electrocardiograph, between it and the light system The 
time IS recorded in the manner usual in taking electrocardiograms As 
the slit IS very narrow, the parts of the levers which are recorded, are 
always focussed to points which he on the same ordinate, that is to say, 
on a line perpendicular to the direction of movement of the photographic 
plate, and parallel to the time lines In this way the difficulties involved 
m using smoked paper are avoided, as well as the very considerable 
inconvenience of working m the dark, as is done m the Ruschke 
method 

As a mattei of fact, the electi ocardiograph is not indispensable 
Any camera, m which the sensitive surface moves at a uniform and 
sufficiently rapid rate, a chronograph and a light source of great 
intensity with a system of lenses for projecting the light on the slot of 
the photographic chamber, for instance Frank’s kymographion,^® will 
answer the purpose The electrocardiograph is preferable, however, 
when It is available, because it makes it possible to record the electro- 
cardiogram at the same time as the two arterial curves This 
arrangement has the advantage of indicating to what heart contraction 
a given pulse wave corresponds, a very useful correlation in the study 
of the velocity of arterial waves in patients presenting various forms 
of ariythmia, and on the much discussed subject of the velocity of the 
large and small arterial waves, as in pulsus altermans, and m pulsus 
bigeminus of extrasystohc origin The photographic plate, or film, 
must move with a speed two to three times that employed for recording 
electrocardiograms The foot points of the arterial waves must be 
clearly defined This is a point which is not always obtained by using 
ordinary pelotes The pelote which is placed over the radial artery is 
of the spring variety used by Mackenzie It is fastened on the cross 
piece which connects two pieces of wood To prevent this support from 
slipping, there are fastened to the under surface of the parallel pieces 
of wood, strips of rubber which are triangular in cross section In the 
free space between these, the knob of the pelote falls 


16 Frank, O Technik u Methodik, Ztschr f biol 1 105, 1908 

17 More often it is well to use a speed of 4 meters per minute 
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The carotid leceiver (Fig 1) is an ordinary metal tambour To 
tlie center of the rubber membrane is fastened a small metal knob to 
be applied to the artery This tambour has a rather long shank This 
portion of the apparatus rides inside a cylinder, the shank of the 
tambour passing through an opening at the upper end A slot is cut 
m one side of the cylinder, through which passes a thread rod from 
the tambour The nut on that rod serves to fasten the tambour m 
position There is a spring on the shank which presses the head of the 
tambour against the artery This tambour coi responds, as will be seen. 



Fig 1 — Carotid rcccu cr The tambour can be moved up and down, and 
fastened m a gnen position by means of a screw at the side 

rather closely to Marey’s “exploiateur a coquille ou a lesort,” and to 
Brondgeest’s pansphygmograpii By this means, appropiiate pressure 
against the soft part of the neck is obtained The curves obtained 
with this equipment aie icad with a precision of from 1/125 to 1/150 
of a second without the aid of any auxiliary apparatus The interval 

18 By using this receiver no disturbing influence, from the waves in the 

jugular vein is seen , t t 

19 Brondgeest, P Q Onderzockingen gedaan in het Physiologisch Labora- 

toriuni der Utrechsche Hoogeschool 2 326, 1873 




Fig 2 (Plate 336) — Curves of a normal person Above, the curve of the 
radial artery , below, of the carotid artery Speed of photographic plate, 3 8 


meters a minute The duration between the ordinates equals 0 04 second The 


time interval between appearance of carotid and radial waves is of normal 


length (%3 of a second) 



Fig 3 (Plate 380) — Curve of carotid and radial and electrocardiogram 
recorded simultaneously on a patient showing auricular fibrillation and per- 
petual arrhythmia Speed of photographic plate, 2 5 meters per minute Interval 
between carotid and radial waves normal Note that a certain number of heart 
beats are missing in the arterial system The contraction of the heart indi- 
cated by an X in the electrocardiogram gives only an indistinct wave in the 
carotid, and practically none in the radial In this way the pulse deficit 
(Robinson and Draper) is recorded graphically 


















^'Slr I'rf 'V 




Fig 4 (Plate 289) —Curves from a patient suffering from chronic nephritis 
and arterial hypertension Speed of photographic plate, 3 9 meters per minute 
The time inter\al between the carotid and radial upstroke is of a second, 
which IS about one half of that normally found 






Fig 5 (Plate 413) — Three pairs of curves from a 28 year old patient suf- 
fering from aortic and mitral insufficiency The time interval between carotid 
and radial waves is normal The speed of plate, 4 2, 3 4 and 195 meters per 
second, respectively 
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separating the appearance of the two arterial waves being usually about 
2/25 of a second in a normal individual, the error of the method will 
be about 10 5 per cent 

In Figures 2, 3, 4 and 5, are reproduced some examples of curves 
recorded by this method The results of a rather large series of experi- 
ments on healthy persons as well as on patients, will be published later 


20 Hermann, L 


Handb d Physiol 4 189, 1880 



THE RELATION BETWEEN INGESTED FAT AND 
THE LIPEMIA OF DIABETES MELLITUS =*- 

PHIL L MARSH, M D , and H G WALLER, M D 

ANN ARBOR, JIICH 

Since patients with diabetes mellitus are more dependent on fat as 
a source of energy than are normal subjects, it is tempting to try to 
explain the hypei hpoidemia that is so common m this disease on the 
basis of some theoiy that assumes a relationship between the amount 
of fat 111 the food and the percentage of lipoids m the blood In the 
literature that has accumulated on this subject a tendency to assume 
this relationship is evident In the Rockefeller monograph,^ for 
example, the authors state that lipemia “is largely associated with the 
fat intake and with other diabetic symptoms ” Ervin ^ states that “the 
lipemia of a diabetic will disappear with the elimination of fat from 
the diet ” Bang ^ belie\ ed that the lipemia was, m part, alimentary 
Joshn ^ suggests a i elation between the high protein, fat diets of former 
da3^s and the high degrees of lipemia reported, and states that “with 
restiicted diet, particulail} of fat, the blood fat rapidly falls” Bloor ® 
has recently supported a suggestion of Allen's ° that there is lacking a 
pancreatic hormone which is necessary for the proper removal of the 
fat from the blood Bloor continues b} conceiving that the factor of 
overwork must be taken into consideration m examining into the cause 
of diabetic lipemia, and that the patient has a fat tolerance which can 
be raised or lowered accoiding as the ingested fat is restricted or 
inci eased When laige amounts of fat are ingested, the mechanism for 
the utilization of fat might be expected to break down, and he reported a 
case in which he alleges that a high lipemia resulted from a dietetic 
indiscretion which consisted chiefly m the ingestion of milk and cream 

In view of this belief, it was thought desirable to note the effect on 
the lipoidemia of diabetic patients of the high fat, low protein, low 
carbohydrate diets described by Newbuigh and Marsh ^ Since in these 

’*■ From Department of Internal Medicine, Medical School, University of 
Michigan 

1 Allen, F M , Stillman, E, and Fitz, R Total Dietary Regulation in 
the Treatment of Diabetes, Monograph of the Rockefeller Institute of Medical 
Research, No 11, 1919, p 143 

2 Eivm, D M Relation of Glycogen to the Pathologic Changes in Pan- 
creatic Diabetes, J Lab & Clin Med 5 146, 1919 

3 Bang, I Diabetic Lipoidemia, Biochem Ztschr 94 359, 1919 

4 Joslm, E P Diabetes Mellitus, Oxford Med 4 146, 1921 

5 Bloor, W R Lipemia, J Biol Chem 49 201, 1921 

6 Allen, F M Role of Fat m Diabetes Mellitus, Am J Med Sc 143 
313 1917 

’ 7 Newburgh, L H , and Marsh, P L The Use of a High Fat Diet in 
the Treatment of Diabetes Mellitus, Arch Int Med 26 647 (Dec ) 1920 
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diets the great majority of the calories are derived from fat, and since 
in each case the caloric requirement of the patient has been satisfied, 
the daily fat intake is relatively high, usually m the neighborhood of 
4 gm per kilogram of body weight This is more fat than is ordinarily 
consumed by the normal subject, and it seems certain that if there were 
a defect m the metabolism of fat similar to that m the metabolism of 
carbohydrate, a hyperlipoidemia must result This should be partic- 
ularly true m those subjects who demonstrated their tendency to 
hyperlipoidemia by presenting on admission to the hospital a gross 
increase over normal in their blood lipoids 

The patients selected for this study represented a number of differ- 
ent types of diabetes mellitus, varying in age, severity of the disease, 
duration of diabetic symptoms, previous treatment, degree of acidosis 
The total lipoids of the blood were determined by the method of Bloor ® 
which may be considered sufficiently accurate for comparative purposes 
and which would certainly demonstrate any large changes m hpoidemia 

REPORT or CASES 

Case 1 (21-276) — ^An American farmer, 22 years of age, entered the hos- 
pital Feb 7, 1921, complaining of pol 3 nina, weakness and loss of weight A 
brother died of diabetes at 17 His past history is of no importance His 
best weight was 164 pounds just before the onset of his diabetes , his weight 
at admission was 127 pounds His symptoms appeared abruptly in August, 
1920, and the diagnosis was made by his physician immediately His diet was 
moderately restricted and he continued to lose weight and strength Except 
for septic tonsils his physical examination was negative 

On a diet containing protein, 20 gm , fat, 85 gm , carbohydrate, 14 gm, 
and 900 calories, his urine became sugar-free on the fourth day, ferric chlorid 
reaction negative on the ninth day and his blood sugar normal on the six- 
teenth day His diet was gradually increased until he was receiving daily 
protein, 43 gm , carbohydrate, 25 gm , fat, 230 gm , and 2,350 calories This 
allowed him 3 9 gm fat per kilogram of body weight per day 

It will be noted from Chart 1 that his lipemia, which amounted to between 
8 and 9 per cent , gradually fell and was still falling up to the time of dis- 
charge, in spite of the fact that he was eating large quantities of fat The 
curve of his blood lipoids present three phases A slow fall for about twenty- 
five days, a rapid fall during the next ten days and a slower fall during the 
remaining period It is interesting to note that his food became sufficient 
to supply his caloric requirement at the beginning of the period when the fall 
in fat was most rapid , this was demonstrated by the cessation of loss of 
weight and the establishment of nitrogen balance 

Case 2 (21-321) — An American farmer, 28 years of age, entered the hos- 
pital March 1, 1921, complaining of the usual diabetic symptoms There was 
no family history of diabetes, except that a 4 year old son of his had had an 
occasional glycosuria There was nothing of importance in his past history 
Polyuria, polydipsia and polyphagia developed in August, 1914, when the patient 
was 21 During the following three months his weight fell from 160 to 
113 pounds 

Treatment was not started until January, 1915 Four days of complete 
starvation followed bj^ several days during which he was allowed green vege- 
tables and two or three more days of starvation, a total of ten days, rendered 


8 Bloor, W R J Biol Chem 23 317, 1915 
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his urine sugar free He was discharged on a diet which allowed him con- 
siderable freedom in the kinds of the foodstuffs that he ate but which was 
very much restricted in total calories During the following two years he 
felt fairly well most of the time, although he had sugar in his urine frequently 
Between the spring of 1916 and March, 1921, he was not free from sugar at 
any time, in spite of the fact that he was starved on five occasions for periods 
of from four to ten days 

During the month preceding his admission to our ward he suffered from 
epigastric distress, “heart burn” and nausea His symptoms were sufficiently 
se\ere to make his home physician suspect peptic ulcer His vision had failed 



Chart 1 — Graphic chart from Case 1 


and he was badly constipated On examination it was noted that he was 
decidedly stuporous and went to sleep while his blood was being taken for 
the laboratory examinations Later he could not remember anything that had 
happened during the first day he was in the hospital His breath had a decided 
acetone odor His right knee jerk could be obtained only on reenforcement, 
and his left could not be obtained at all His urine contained a trace of 
albumin, reduced Fehling’s solution, and gave a heavy reaction with ferric 
chlorid His blood sugar was 0 38 per cent and the carbon dioxid combin- 
ing power of the blood plasma by the Van Slyke method was 37 volume per cent 
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On a diet containing, protein, 20 gm , fat, 90 gm , carbohydrate, 14 gm , and 
950 calories, there was a rapid relief of his acidosis, as shown by the rise in 
the carbon dioxid combining power of the blood plasma and the disappear- 
ance of the ferric chlorid reaction There was no glucose in his urine on the 
eleventh day His diet was increased until he was receiving, protein, 43 gm , 
fat, 220 gm , carbohydrate, 11 gm, and 2,200 calories While the initial hyper- 
lipoidemia in this case was not as marked as in Case 1, it was definite, and 



Chart 2 — Graphic chart from Case 2 


the determinations were made over a much longer period of time, there being 
nearly nine months between the first and last blood lipoid record The fall was 
from about 3 3 to 1 per cent 

Case 3 (21-678) — ^An American clerk, 19 years of age, entered the hospital 
March 24, 1921, complaining of the usual diabetic symptoms There was no 
history of diabetes in the family and nothing of importance in his past his- 
tory The disease had developed abruptly fifteen months before, and during 
the first three months he lost 30 pounds in weight In spite of severe restric- 
tion in his diet, there was no improvement in his symptoms Twelve days before 
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he came to us he was starved for seven days but did not know whether he 
became sugar-free There had been some numbness of his feet and for two 
months he had had boils on his legs On examination, evidence of advanced 
bilateral pulmonary tuberculosis was found and this complication was confirmed 
by roentgenograms and sputum examination 

There was no acidosis at any time, and the urine became sugar-free on the 
third day The fall in blood lipoids as the food fat was increased is shown 
in Chart 3 The diet of the last period recorded on the chart contained, pro- 
tein, 30 gm , fat, 180 gm , carbohydrate, 15 gm , and 1,800 calories, which 
allowed him 4 3 gm of fat per kilogram of body weight 

Case 4 (21-1392) — An American merchant, 35 years of age, entered the 
hospital Alaj 19, 1921, complaining of loss of weight, weakness, polyuria and 



poljdipsia His sjmptoms developed abruptly in January, 1918, when he was 
32 years of age Glycosuria was found, and he became sugar-free on a rather 
liberal diet After a few weeks he was advised to return to a normal diet, 
symptoms and glycosuria promptly reappeared He again became sugar-free 
on the liberal diet and adhered to it about a year 

During the following year he increased his food intake and frequently 
found sugar in his urine During this second year of his diabetes he had 
frequent night sweats, with one attack of pain m the lower left chest last- 
ing some weeks In Februar}’’, 1920, he had influenza, and during the next 
few months his weakness progressively increased In the fall of that year he 
spent four weeks in a sanitarium, and was discharged on a diet Aat was 
liberal, including a large quantity of gluten bread From that time he grad- 
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ually went down hill, and since February, 1921, he had not been able to work 
During the course of the diabetes his weight had fallen from 120 to 85 pounds 
Physical and roentgen-ray examination demonstrated pathology in both pul- 
monary apices but no sputum could be obtained 

On a diet containing 20 gm protein, 90 gm fat, and 14 gm carbohydrate 
he became sugar-free on the eleventh day and the ferric chlorid reaction of his 
urine became negative on the fourteenth day A moderate acidosis, demon- 
strated by the lowered carbon dioxid combining power of the blood plasma 
was promptly relieved There was a gradually increasing edema during the 
first two weeks of treatment His fat intake during the last period before 
discharge amounted to 38 gm per kilogram of body weight The fall in total 
lipoids of the blood is shown in Chart 4 

Case 5 (21-3458) — American, farm hand, 17 years of age, entered the hos- 
pital Nov 26, 1921, with a diabetes that had appeared abruptly in June of the 
same year with polyuria and weakness In the interval his weight had fallen 
from 140 to 125 pounds His family and past histones are of no importance 



Chart 4 — Graphic chart from Case 4 


No significant abnormalities were noted m his physical examination On a 
diet containing 19 gm protein, 88 gm fat, and 13 gm carbohydrate his urine 
became sugar-free on the eleventh day and the ferric chlorid reaction was 
negative on the seventh day His diet was increased until he was receiving, 
protein, 55 gm , fat, 200 gm , carbohydrate, 30 gm , and 2,150 calories At 
his weight of 121 pounds, this represented 3 6 gm fat per kilogram of body 
weight His Iipoidemia, which was not elevated at the beginning of treatment, 
remained at the same level throughout 

Case 6 (21-2418) — ^An American housewife, 22 years of age, entered the 
hospital Aug 25, 1921, complaining of weakness and frequency of urination 
Her family and past history was of no importance Eight weeks before she 
went to her physician because of pain in the bladder and frequency of urina- 
tion Sugar was found in her urine Weakness had been progressive and her 
weight fell from 120 to 93 pounds Constipation had been obstinate Nothing 
of importance was noted in the physical examination The blood Wassermann 
and blood count were normal 
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On a diet containing, protein, 18 gm , fat, 90 gm , carbohydrate, 13 gm 
lier urine was sugar-free on the fourth day. the ferric chlond reaction was 
negative throughout She was discharged from the hospital September 14 with 
a diet containing protein, 55 gm , fat, 220 gm , and carbohydrate, 25 gm She 
remained sugar-free until the latter part of December when she returned to 
the hospital because of the reappearance of sugar in her urine 

On this occasion she became sugar-free in twenty-four hours, and her diet 
was rapidly increased to its former level The blood lipoid determinations 
were made dui ing tins period It will be seen from Chart 6 that four months 
of a diet rich in fat did not increase her Iipoidemia above the normal level 
Two hundred and twenty grams of fat at a body weight of 100 pounds 
represents 4 gm of fat pei kilogram of body weight 



Case 7 (22-2) —An American housewife, 47 years of age, entered the 
hospital Jan 2. 1922, with diabetes that had developed abruptly with cramps 
in the legs and polyuria in December, 1920 Glycosuria was found by the physi- 
cian Her weight had fallen from 168 to 121 pounds Treatment had con- 
sisted of strict limitation of carbohydrate which did not keep her urine sugar 
free Nothing of importance was noted on physical examination On a diet 
containing 20 gm protein, 90 gm fat, and 13 gm carbohydrate, her urine 
became sugar-free on the third day and the ferric chlond reaction was negative 
at the same time Her diet was rapidly increased until she was receiving 
55 gm protein, 210 gm fat and 34 gm carbohydrate At her body weight of 
119 pounds, this represented 4 gm fat per kilogram of body weight 
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It will be noted from Chart 6 that her blood lipoids, which were slightly- 
elevated at the initiation of treatment, fell promptly and remained only a little 
above normal 

Case 8 (21-3456) —An American housewife, 49 years of age, entered the 
hospital Nov 30, 1921 with diabetes complicated by ulcers on the legs Her 
family and past histones were without interest She had noticed her increased 
thirst and polyuria about eighteen months before, soon after her husband, whom 
she attended, died of carcinoma of the face Her symptoms had developed 
insidiously, and during the two years before admission her weight had fallen 



Chart 6 — Graphic chart from Cases 6 and 7 


from 165 to 101 pounds The ulcers on her legs had developed during the 
last two months There was a moderate degree of constipation, and her vision 
had been failing for two years On physical examination there was evidence 
of a moderate degree of arteriosclerosis and cardiac enlargement The knee 
jerks were markedly diminished and the Achilles reflexes could not be obtained 
On the anterior upper third of the left leg were three ulcers resembling very 
much in appearance gummous ulcers 

On a diet containing 20 gm protein 85 gm fat and 13 gm carbohydrate her 
urine became sugar-free on the sixteenth day and the ferric chlorid reaction 
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was negative the next day Hei diet was increased until she was receiving 
protein, 55 gin , fat, 200 gm , and carbohydrate, 33 gm At a body weight of 
103 pounds this repiesented A2 gm fat per kilogram of body weight It will 
be seen from Chart 7 that her blood lipoids were not elevated at any time 
Case 9 (22-36) — An American farmer, 58 years of age, entered the hos- 
pital Jan 16, 1922, complaining of the usual diabetic symptoms There was 
no familial history of diabetes, and his past history was unimportant The 
symptoms had appeared abruptly two years before, and urine examination at 
this time revealed the presence of glucose Treatment by the “Allen method” 



Ciiart 7 — Graphic chart from Case 8 


had been instituted on several occasions, but because of weakness the patient 
refused to adhere to the rigid regimen for more than thirty days at a time 
In addition to the polyuria, polydipsia, and weakness, he complained of cramps 
in his legs, tingling of the feet, loss of weight from 140 to 102 pounds, failing 
vision, constipation, precordial pains and cardiac palpitation Physical exam- 
ination demonstrated slight cardiac enlargement and moderate arteriosclerosis, 
the knee-jerks were diminished and the Achilles reflexes could not be obtained 
His urine, with a specific gravity of 1 046, contained a trace of albumin, glucose 
and a moderately strong ferric chlorid reaction The blood sugar was 0 63 
In the first twenty-four hour specimen there were 53 5 gm sugar 
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On a diet containing protein, 18 gm , fat, 85 gm , carbohydrate, 13 gm , his 
urine became sugar-free on the fifth day Part of his record is shown in 
Chart 8 With a body weight of 110 pounds, his final diet allowed him 
3 9 gm fat per kilogram of body weight per day Unfortunately, it was neces- 
sary for him to leave the hospital at the time indicated by the ending of the 
record It will be seen, however, that the percentage of blood lipoids, which 
was at an approximately normal level at admission, was not increased by the 
administration of a diet deriving most of its energy from fat 

Case 10 (22-610) —A 3 year old boy, American, entered the hospital March 
6, 1922, with diabetes which had its onset in June, 1921, when the patient was 
2 years of age His father’s brother had diabetes The diagnosis was made 



very soon after the onset of the symptoms, and rigorous dietetic treatment 
under the supervision of very competent physicians failed to control the gly- 
cosuria During most of the period between the onset and his admission to 
the University Hospital, his diet contained about 40 gm protein, 30 gm fat, 
and 25 gm carbohydrate, about 530 calories His urine was sugar free at 
times during the first few weeks but had not been at any time during the 
several months just previous to admission His weight had fallen from 32 to 
29 pounds Examination was essentially negative On a diet containing 
protein, 8 gm , fat, 40 gm , and carbohydrate, 6 gm , he became sugar-free on 
the twelfth day His diet was increased to include 15 gm protein, 55 gm fat 
and 10 gm carbohydrate, without return of glycosuria This allowed him 
42 gm fat per kilogram body weight His blood lipoids, which were slightly 
high at first, had fallen to a normal level by the thirty-third day (Chart 9) 
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Case 11 (20-1021) —An American farmer, 45 years of age, entered the hos- 
pital April 19, 1922, complaining of weakness and polyuria His mother had 
died at 51 of diabetes mellitus His past history was unimportant, except that 
after his mother’s death he had frequent analyses made of his urine In 
December, 1920, polyuria developed abruptly, and with this progressive weak- 
ness, with his weight falling from 155 to 135 His home physician stated that 
“even by withholding all carbohydrates” he had not been able to reduce the 
glucose content of the urine below from 3 to 6 per cent For the past three 
years he had on excessive exertion had attacks of precordial pain which 
radiated to the left shoulder and were accompanied by shortness of breath 
There was moderate cardiac enlargement and evidence of early arterial scle- 
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Chart 11 — Graphic chart from Case 12 


rosis The urine contained sugar and gave a heavy reaction with ferric chlorid 
The carbon dioxid combining power of the blood plasma (Van Slyke) was 
normal, and the blood sugar was 0 50 per cent 

On a diet containing 18 gm protein, 85 gm fat, and 15 gm carbohydrate 
his urine became sugar-free on the sixth day and the ferric chlorid reaction 
was negative a day later Before our study of the case and the arrangement 
of his diet was completed he was called home by illness in the family, and 
further increases in his diet were made with the cooperation of his local 
physician His blood lipoids, which were somewhat above normal at admis- 
sion, did not fall during the brief period of observation, but neither did they 
rise (Chart 10) 
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Case 12 (21-3573) —A retired merchant, 59 years of age entered the hos- 
pital, Dec 9, 1921, with a mild diabetes of two years’ duration Previous 
treatment had been negligible, and his weight had fallen from 175 to 145 pounds 
There were no important complications His glycosuria was irregular, and it 
was found that he was eating outside the hospital After he was desuganzed 
and his food allowance had been increased to about 200 calories a day, he 
broke diet, and he was started again at a lower level The record of his 
ingested fat and blood lipoids is shown m Chart 1 The final diet allowed 
him was 3 1 gm of fat per kilogram of body weight per day In spite of 
dietary irregularities, there was no increase in the blood lipoids 

From an examination of the records of these patients it is apparent 
that there was no increase in the lipoid content of the blood during the 
periods of observation, and, of much greater significance, that in the 
patients in whom a hyperlipoidemia existed when they fii st came under 
observation, the total fat fell to approximately normal levels This is 
in accord with the observations of Blatherwick ® in three cases of mild 
diabetes It is certainly very strong evidence that the prevalent assump- 
tion which postulates that diabetic hyperlipoidemia is dependant on the 
excessive ingestion of fat is unwarranted The explanation of this 
phenomenon must be sought in some other unusual feature of the 
diabetic state 

9 Blathcnvick, N R Observations on Blood Fat m Diabetes, J Biol 
Chcm 49 193, 1921 



DEFECTS IN THE MEMBRANOUS BONES, DIABETES 
INSIPIDUS, AND EXOPTHALMUS, WITH 
REPORT OF A CASE 

L C GROSH, MD, AND J L STIFEL, MD 

TOLEDO, OHIO 

The purpose of this paper is to report another case of defects in the mem- 
branous bones, diabetes insipidus, and exophthalmus, the seventh now m the 
literature, and to discuss some of the factors bearing on this disease 

REPORT OF CASE 

History — A girl, aged 7 years, first came under observation June 27, 1919 
Her parents were well, there were one older and two younger children, and 
no miscarriages Patient was a full term baby, normal in the first year In 
the second year she was weak and did not develop as did the other children, 
since when she has been underweight and underheight At 6 years a tooth 
became infected, followed without pam by a discharge from the left ear, and 
an infection of the left mastoid, which was opened and drained in October, 
1918 Following this, her mouth became very sore with a bullous eruption on 
the gums, necessitating the removal of some of the unerupted permanent teeth 
A month after leaving the hospital, i e , seven weeks after the mastoid 
operation, she suddenly developed a marked thirst and polyuria, so that in a 
few days she was taking as much as four quarts of water during the night 
and was passing about one and one-half gallons of urine in twenty-four hours 
Physical Examination — Her weight was 30 pounds, height, 3 feet 8 inches 
Skin very dry Teeth and gums in bad condition , some of the permanent teeth 
have not appeared A soft spot, oval in shape, measuring about 5x10 cm can 
be felt in the right temporal bone It has a well defined sharp, bony edge, it 
IS not tender to slight pressure Otherwise the skeleton seems normal 
Exophthalmus of left eye Heart, lungs, abdomen, and reflexes are all normal 
Urine Very light color, specific gravity, 1002, twenty-four hour amount 
about five liters, otherwise negative Wassermann negative Roentgenogram 
shows normal sella turcica 

Clinical Com se— The patient was lost sight of until Oct 13, 1921, her tenth 
year It was noticed that her mouth improved after cutting down sugar and 
starch intake as she had been advised to do, and that the soreness of the 
gums returned as soon as sugar was taken She felt well and acted like other 
children, except for the thirst and polyuria, and was considered bright in 
school, where she was, however, only in the second grade 

Her weight was now 36 pounds, height 3 feet SVs inches The left ear 
was still discharging slightly No obesity, genitalia normal for her age 

Eye examination showed a definite left exophthalmus , no increase in the 
intraocular pressure, fields of vision normal, color sense normal 

The blood showed white cells, 8,000, stained spreads normal, and blood 
sugar 0 10 per cent 

Uiinaiy Fndings A glucose tolerance test gave the result shown in Table 1 
Only 15 gm glucose were given instead of the usual amount, and even this 
made her gums very sore It will be noted that the blood sugar was not 
abnormally increased by this amount The amount of urine was not increased 
nor did sugar appear in it 

Urine collected according to the method of Mosenthal gave the results 
shown in Table 2, a reaction typical of diabetes insipidus There is simply 
a large increase in the water excretion, with a consequent lowering of the 
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specific gravity Although the night urine is enormously increased, its relation 
to the day urine is normal Chlonds and nitrogen are excreted at a low 
concentration, but the total output is within normal limits 

On another occasion urine was again collected m the same way but 2 S gm 
sodium chlorid \\ere given at 10 a m The result in Table 3 shows that 
chlonds are promptly and readily excreted, and that it is not necessary for 
this patient to increase the quantity of urine to get rid of this amount of 
clilorids 

TABLE 1 — Glucose Tolerance Test 


■Urine 


1 line 

Blood Sugar, 

Amount, 

Specific 



per Cent 

C c 

Gravity 

Sugar 

S W 

0114 

500 

1001 

0 

0 CO (15 gin glucose) 

0 30 

0150 

25 

1 001 

0 

10 SO 

01£0 

400 

1001 

0 


T-\BLE 2 — Results From Ewminvtion or Urine CoLLrcrro According 

TO AIoslnthal’s 2\Iethod 


Chlonds Total Nitrogen 

* , , * 



\ mount. 

Specific 

! ^ 




'1 line 

C c 

Graviti 

Per Cent 

Gm 

Per Cent 

Gm 

S-IO a m 

103 

1 005 





10-10 m 

220 

1 000 





12- 2pm 

33” 

1 002 





2- 4 p 111 

TO 

1 003 





4- 0 p m 

370 

1 001 





0- S p m 

7C0 

1 004 





Total dnt 

2,170 

1 103 


0 09 

1 95 

OIS 

3 91 

Total nlglit 


0 05 

0 55 

016 

1 77 

Tot il 24 hours 

3,275 



2 50 


5 08 


MI specimens iicgitnc for iilbiimm and sugar 


T \BLE 3 — Chlorid Excretion 


Tunc 
10 n in 

Sodium chlorid 2 "> gm 
12 m 
2 p m 
•1 p m 
7 p 111 
10 p 111 

Total dn\ 

Total night 

Total 24 hours 


Urine 


mount, 

Specific 

Cc 

G^n^ itj 

323 

1 001 

700 

1 001 

OOO 

1007 

375 

1 002 

050 

1000 

SCO 

1 002 

8 710 

1,800 

5,510 

1 004 


Chlorid 


Per 

Cent 

Gm 

013 

0 42 

014 

0 9S 

0 47 

2 82 

0 03 

0 43 

0 07 

0 46 

014 

1 16 

014 

6 30 
2 52 


SS2 


Rociitgcn-Ray Examuiaiioi: — Roentgen-ray examination of the entire skeleton 
showed striking changes m the membranous bones Large areas of the bones 
of the skull are rarified or completely absorbed leaving areas with well defined, 
scalloped edges where there is apparently no bone at all These areas vary in 
size The largest is about 10x5 cm in the right temporal bone They are 
scattered all over the skull including the bones of the orbit It is of some 
significance to note that the bones forming the bridge of the nose are not 
involved, nor is the sella turcica, which is normal A similar area is present 
in the lateral border of the left ilium where there is a semicircular defect about 
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6 cm in diameter extending from the anterior superior spine to the acetabulum 
Here, as in the cranial defects, there is complete absence of lime salts There 
IS deformity of the lower jaw with abnormal position of the teeth and apical 
infection of some teeth The long bones, the vertebrae the carpal and tarsal 
bones, etc , are nowhere involved 

The changes noted are quite different from the changes found in 
syphilis, tuberculosis, osteitis fibrosa, Paget’s disease, bone cysts, or 
sarcoma In the complete absence of lime salts these lesions suggest 



Fig 1 — Front view of skull, showing extensive bony defects 


the changes found in some cases of bone metastases of carcinoma, and 
with this exception no difficulty should arise in making a differential 
diagnosis 

Effect of Pitmtmy Extract — Oct 19, 1921, pituitary extract, hypodermically, 
was administered , at first 1 c c once a day, later 0 5 c c twice a day, and was 
continued, with only an occasional intermission, for the next three months 
At first the usual striking response was obtained The urine decreased to 
1,600 c c October 21 , 1,400 c c October 22 , 1,900 c c October 29 On 
days when no pituitary extract was given the output increased to 3 300 c c , 
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3,400 cc, 4,300 cc, etc November 11, however, even with 0 5 cc pituitary 
extract twice in the day, the patient excreted 5,700 c c urine, and from then to 
Jan 6, 1922, the output never went down very strikingly The amounts measured 
ranged from 2,000 to 5,000 c c in addition to which specimens were lost every 
night It is true that on days when no pituitary extract was given the amount 
went to 6,000 c c , but it seemed obvious that the patient was not responding 
to pituitary extract in a satisfactory manner January 6, she developed great 
weakness, substeriial pain, dyspnea and nausea, symptoms apparently due to the 
pituitary extract, and since then no injections have been given 

March 11, 1922, she had been passing from 3,000 to 6,000 cc urine per 
day She was now 10 years old Her weight was 39, pounds, the average for 
a girl of 5 years , her height was 3 feet 9 inches, the average for a girl of 
7 years There was no apparent change in the bony defects of the skull 

Here, then, was a girl showing dwarfism, diabetes insipidus, defects 
m the membranous bones, and unilateral exophthalmus 

DISCUSSION 

It is not our purpose again to review the literature on this subject, 
which has been done admirably by Christian ^ and also by Hand ^ A 


TABLE 4 — Reported Cases 


Oaso Reported by 

Sex 

Age 

Bone 

Defects 

Poburia 

Sella 

Exoph 

thalmos 

Hand = 

51 

3 

+ 

+ 

No X ray 

+ 

Hand (Key)- 

51 

T 

+ 

+ 

No X ray 

+ 

Hand (Luburg)^^ 

51 

4 

+ 

-h 

Normal 

+ 

Christian ^ 

51 

5 

-1- 

+ 

Defect 

+ 

Schuller a 

51 

IG 

+ 

0 

Normal 

+ 

Schuller a 

K 

4% 

+ 

+ 

Defect 

+ 

Author 

r 

10 

+ 

+ 

Normal 

+ 


careful search failed to reveal any new cases For leference the six 
cases already reported and the one here reported aie outlined in Table 4 

Slight similarity is found in a senes of ten cases reported by Bar- 
ber,^ under the title “Renal Dwarfism ” These are cases characterized 
by the development from the tenth to the seventeenth year of typical 
rachitis with chronic interstitial nephrUis and, in eight of the ten cases, 
marked increase of thirst, all of the patients exhibiting some degree of 
dwarfism The bone defects did not, however, involve the membranous 
bones, exophthalmus was not present in any of the cases, nor was the 
polyuria as striking as in this series, and they are therefoie omitted 

1 Christian, H A Defects m Membranous Bones, Exophthalmus, and 
Diabetes Insipidus Contribution to Medical and Biological Research Paul B 
Hoeber, New York 1 390, 1919 

2 Hand, A Defects of Membranous Bones, Exophthalmus and Polyuria 
m Childhood, Am J M Sc 162 509, 1921 

3 Schuller, A Ueber eigentartige Schadeldefekte in Jugendalter, Fort- 
schr a d Geb d Roentgenstrahlen, 23 12, 1915 

4 Barber, H Renal Dwarfism, Quart J M 14 55, 1921 
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In the seven cases here tabulated the constancy of defects of the 
membranous bones, of polyuria and of exophthalmus is so evident that 
one seems justified in giouping- them together No new theories are 
advanced heie to account for the condition, but it seems peitinent to 
call attention to certain observations that have already been made One 
is tempted at fiist to attribute the condition somehow to disease of the 
hypophysis, because the hypophysis is thought to exercise control over 
the growth of tlie skeleton and because it is so firmly regarded as the 
seat of the trouble m diabetes insipidus Indeed, the exploitation of 
the hjpophysis ad^anced to such a state that it became necessary 
recently for Cushing to file new credentials for it in no uncertain 
teims About the only evidence that diabetes insipidus originates in 
the hjpophjsis is that pituitaiy extract temporarily lelieves the polyuria 
and that poljuria occasionally follows hypophyseal operations Evi- 
dence like the first, so often advanced, is, of course, entirely unreliable 
The fact that a drug relieves a symptom is no sign that the symptom is 
due to a deficiency of the drug One wondeis why the suprarenals 
haie not been more often blamed foi asthma because epinephrin 
relIe^ es the paroxysms Moi cover, the polyuria following hypophyseal 
operations is too inconstant to be of much value We have very little 
e^ idence that pituitary extract is discharged into the circulation at all 
It seems probable that it is a pioduct of gha cells of nothing more 
than pharmacologic interest 

The woik of Bailey and Bremci ° is of especial importance m this 
connection The} liave shown that wheieas polyuria following experi- 
mental lesions of the hypophysis is usually temporary, lesions of the 
hypothalamus may produce a pei manent polyuria and polydipsia, some- 
times e\en associated with adiposogenital dystrophy These conditions 
can be produced after the temporary polyuria following hypophyseal 
operations has subsided This polyuria fiom lesions of the hypothala- 
mus has apparently all of the characteristics of diabetes insipidus in 
man It seems probable that tumors of the hypophysis produce diabetes 
insipidus in man only Avhen they press upwaid on the brain stem, 
thereby involving centers in the hypothalamus, the tuber cinereum, or 
the floor of the fourth ventricle 

In consideiing diabetes insipidus it is important to keep three 
factors in mind First, is the factor m the central nervous system 
already i eferred to , second, the functional capacity of the kidney must 

5 Cushing, H Disorders of the Pituitary Gland, J A M A 76 1721 

(June 18) 1921 j ♦ i 

6 Bremer, F , and Bailey, P Experimental Diabetes Insipidus and Genital 

Atrophy, Endocrinology 5 761, 1921 Experimental Diabetes Insipidus, Arch 
Int Med 28 773 (Dec ) 1921 
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be considered, and third the maintenance of the water balance of the 
body There is little evidence to show that the kidney function is 
impaired , much to show that it is not impaired Nitrogen products and 
chlorids in the blood are maintained at a normal level as long as the 
patient may take all the water that he desires When sodium chlorid 
is administered, it is excreted quickly, sometimes at such a high con- 
centration that increased diuresis does not occur If water is withheld, 
the rise in blood chlorids is very great, sometimes even reaching 1 03 
per cent but at times the power of salt concentration is retained as 
high as three fold ® 

Veil ® investigated most thoroughly the chlorid factor in these cases 
He concludes that there are two forms of diabetes insipidus, the one 
showing hyperchloremia after the ingestion of sodium chlorid, the other 
hypochloremia He shows that puncture of the midbrain produces 
polyuria of the first type, i e , hyperchloremia with hypochloruria , 
while puncture of the fourth ventricle produces polyuna of the second 
type, 1 e , hypochloremia with hyperchloruria This again complicates 
the role of the hypophysis m diabetes insipidus 

The water balance of the body is regulated both by the satisfaction 
of thirst and by the excretion of water by the kidneys These are to 
some extent independent functions Polyuria may occur without any 
increase in water intake as it does when patients with diabetes insipidus 
for any reason go into coma, while excessive thirst may occur without 
any great loss of fluid from the body It is the function of the kidney in 
all animals that have kidneys to keep the osmotic pressure of the blood 
at the primordial pressure of sea water If water is ingested by a 
healthy person, diuresis quickly occurs, if salt is taken, thirst is 
promptly felt The cause of the sensation of thirst is still unknown 
Cannon’s attractive theory of irntation of the nerve endings in the 
throat seems entirely refuted by the work of Wier, Larson, and Rown- 
tree who showed that anesthetizing the throat has no effect on thirst 
If more water is taken than can be excreted promptly, it is probably 
stored in the cells of the tissues For Cohnheim showed that animals 
could be given physiologic solution of sodium chlorid to the extent of 
90 per cent of their body weight without the development of edema 
Incidentally, it was found later that it is necessary to inject the fluid 
intermittently at about the rhythm of the heart If injected in a 

7 Socin, C Ueber Diabetes Insipidus, Ztschr f klin Med 78 294, 1913 

8 Goldberg and Herz Rev de med 33 310, 1913 

9 Veil, W H Intermediare Vorgange bei Diabetes Insipidus, Biochem 
Ztschr 91 317, 1918 

10 Wier, Larson, and Rowntree Studies in Diabetes Insipidus, Water 
Balance, and Water Intoxication, Arch Int Med 29 306 (March) 1922 



83 


GROSHrSTIFEL—MEMBRANOUS BONE DEFECTS 

continuous stream, edema does occur , and if the secretion of urine is 
m any way impaired, toxic symptoms occur, among them headache, 
vomiting, dyspnea, cramps, twitching, ataxia and convulsions In 
diabetes insipidus, even with the large intake and the large output, the 
water balance is oidinanly well maintained As in normal persons, 
we have veiy little evidence of a nervous control of the kidneys 

Returning to the case reported, the relation of the polyuria to the 
bone defects is puzzling Embryologically, the pituitary bears a relation 
to the membranous bones of the skull In the lower vertebrates, such 
as the amplnoxus, the vertebral column is composed of the notochord 
In the human the notochord, which has become the intervertebral discs, 
ends at the sella turcica From here the axial portion of the skeleton 
is continued forward to form the base of the occipital bone and the body 
of the sphenoid, both of which are formed from cartilaginous bone 
The other bones of the cranium aie, however, formed in the mesen- 
chyme of the head, where ossification takes place directly into tissue 
like the connective tissue of the skin Embiyologically, then, the sella 
turcica and the membranous bones of the skull he just anterior to the 
end of the axial skeleton 

The role of infection in the etiology of diabetes insipidus deserves 
more consideration than it receives in the literature In this case it 
will be noted that the onset of the polyuria occurred a few weeks after 
an operation on an infected mastoid In one other case of the series 
tliere was an infected ear and in the case reports of two other patients 
sore mouths and bad teeth are mentioned Two other cases of polyuria 
are knoun, neither }et reported in the literature, both of which were 
associated with mastoid disease In one case the polyuria persisted 
for a week after operation, until a subdural abscess evacuated itself 
through the mastoid incision The other case also followed an operation 
on an infected mastoid Wliat part the infection played and what part 
pressure on and injuiy to the base of the brain played is, of course, 
impossible to say, but it will be of interest to know what the incidence 
of infection in the mastoid, the ear, and the mouth is in polyunas of the 
diabetes insipidus type 

CONCLUSIONS 

1 A case is reported exhibiting some degree of dwarfism, diabetes 
insipidus, defects in the membranous bones of the skull and pelvis, and 
exophthalmus 

2. Pituitary extract hypodermically controlled the polyuria tempo- 
rarily After a time the effect of pituitary extract diminished It had 

no effect on the bone defects 

3 The etiology of this disease is unknown 
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4 Diabetes insipidus is not a disease entity, but more likely a clinical 
syndrome of disease of the base of the brain caused by piessure, injury, 
or infection 

We wish to thank Mr H W Dachtler. of Toledo, for his caieful roent- 
genologic studies of this patient 
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Numerous theories have been advanced fioni time to time to account 
for orthopnea, but theie has been surpiismgly little discussion of the 
subject Hewlett ^ sums it up as follows 

It IS well known that patients suffering fiom dyspnea, and particularly those 
suffering from cardiac dyspnea, cannot breathe as comfortably when lying down 
as vhcn silting up The dyspnea which necessitates an upright posture is 
spoken of as orthopnea The exact cause of oithopnea is not definitely under- 
stood According to the view's of cailiei authors, the sitting posture allows 
better fixation of the shoulders, and this favois the use of the accessory 
muscles of inspiration, but Hofbaticr showed that these patients experienced 
their chief difficult}' in expiration lathcr than inspiration The upright posture 
is a more favorable one for expiiation, because the anterior abdominal wall 
IS pushed out by the low'cr position of the abdominal visceia, and when it 
contracts during forced expiration it works at a better mechanical advantage 
In the sitting posture, also, the diaphragm takes a lower position As a result 
of this, the thoracic cavity is enlaigcd and the si/e of the lungs is increased 
It seems probable that this pulmonary distention assists the pulmonaiy circula- 
tion by increasing the cahbci of the pulmonary capillaries Finallv, a high 
position of the diaphragm may lessen the aperture traversed by the inferior 
^cna ca\a, and it may thus obstruct the return flow' of blood from the lower 
parts of tile bod} A low'ci position of the diaphragm, such as occurs in the 
sitting position w'ould remove this obstruction It is difficult, at the present 
time, to cay which of these possible advantages is the most important in con- 
tributing to the relief which d}spneic caidiac patients frequently experience in 
the sitting posture 

The thought occuiied to one of us fC D C ) that orthopnea might 
be dependent on an excessive i eduction m the vital capacity of certain 
patients when they he down On searching through the literatuie to 
learn the normal peicentage of i eduction, few obseivations were found 
on this particular phase of the subject of vital capacity, and the stand- 
ards of compaiison did not seem satisfactoiy Furtheimore, several 
observations which we made at random on persons about the labora- 
tory, tended to lefute the flat statement that the vital capacity is always 
smaller in the lying postui e Consequently, it was decided to check the 
subject on a laige senes of noimal subjects The lesults have been 
recorded in a pievious communication” 

* From the Department of Medicine, Western Reserve University, Lake- 
side Hospital 

1 Hewlett Monographic Medicine 1 375 

2 Christie and Beams Aicli Int Med 30 34 (July) 1922 
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We found from this senes of observations on 290 normal men and 
women, between the ages of 20 and 30, that there is 5 5 per cent less 
vital capacity m the lying than m the sitting posture for all groups 
when averaged, that appi oximately 80 per cent of all normal persons 
have a smaller vital capacity lying than sitting, and that with rather 
obese normal women this difference may amount to as much as 20 per 
cent We further found that nearly 20 per cent of the normals of 
our series have a vital capacity which is practically the same when they 
recline as when they sit Some persons can even expire moie lying 
down than sitting, and m two instances of big healthy and intelligent 
medical students we found that they had nearly 10 per cent more vital 
capacity lying down than sitting We did not observe any differences 
in type of chest which seemed to account for these disparities We 
concluded further from these observations that normal persons of the 
same sex and same body surface have surprisingly near the same vital 
capacity , in fact, those with variations constitute only about 10 per cent 
It was shown also that as the body surface increases, there is a fairly 
constant increase in the vital capacity, that is to say, a normal female 
between 20 and 30 years of age, with a body surface of from 1 4 to 1 5 
square meter, has a vital capacity of 2,700 c c , and with each increase 
of 0 1 square meter the vital capacity goes up 125 c c With normal 
males between 20 and 30 years of age, with a body surface of from 
1 6 to 17 square meter, there is an increase of 350 c c in the vital 
capacity for each additional 0 1 square meter added to the body sur- 
face When these results were all totaled, it was found that normal 
females between the ages of 20 and 30 years have a vital capacity of 
1,970 cc for each square meter of body surface, and healthy males of 
the same ages have a vital capacity of 2,470 c c for each square meter of 
body surface These results agree closely with those published by 
West ^ Given, then, a patient with a reduction in vital capacity, these 
latter figures allow us to estimate fairly accurately the normal vital 
capacity that persons should have It is only necessary to know the 
body surface, and if the patient be a female multiply the estimated body 
surface by 2,000 c c , and if a male multiply the estimated body surface 
by 2,500 cc 

It IS our belief that there will not be genuine orthopnea without a 
great reduction of the vital capacity, the most common cause of which 
IS cardiac disease, although it may be reduced greatly as the result of 
other conditions, such as pulmonary tuberculosis (and, of course, the 
more advanced the greater the reduction) , pleurisy with effusion, large 
lung or mediastinal tumors, bionchiolar spasm, and finally paresis of 
the external muscles of respiration, such as is seen in syi ingomyelia 


3 West Arch Int Med 25 306 (March) 1920 
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and anterior poliomyelitis It is possible, therefore, to have genuine 
oitliopnea in any of the above mentioned conditions providing they 
encroach sufficiently on a healthy lung to cause a very severe reduction 
in the Mtal capacity 

A simple example will seive to bring out the point which we have 
m mind Given a patient with severe cardiac disease, whose vital 
capacity when he sits erect has been i educed to 1,000 cc — if he has 
a body sui face of 1 6 square meter, his normal~a vital capacity should 
be 4,000 cc (body surface X 2,500 cc) He has, therefore, only 
25 per cent of his vital capacity left, or a 75 per cent reduction 
This reduction is quite sufficient to use up any luxus which he had, 
and he is, therefore, down to the irreducible minimum in the sitting 
posture What happens if this same patient lies down 7 There is 
an immediate i eduction in his vital capacity by 5 5 per cent of 4,000, 
that is, 220 c c , u Inch would be the normal difference between his 
sitting and l}ing postures But when he already has a reduction of the 
vital capacity to 1,000 cc, this 5 5 per cent reduction or 220 cc 
becomes a 22 per cent reduction, and he has m the supine position 
a remaining ^ ital capacity of only 780 c c , which is wholly inadequate 
for his needs The whole luxus was used up m the first great reduction, 
and now if he lies down and incurs this additional encroachment it is 
immediately felt 

Orthopnea is commonly seen in severe cardiac disease, so commonly, 
in fact, that the condition has almost come to be looked on as some- 
thing peculiar to and coincident with severe heart lesions It is quite 
obvious, of course, that such is not the case, for there is a great 
variety of clinical conditions which will give the proper stage settings, 
as it were, for typical orthopnea, quite as genuine and charactenstic 
as is ever encountered in severe caidiac disease The idea that 
orthopnea must be associated with severe cardiac lesions has been 
responsible, we believe, for the suppression of facts which shed con- 
siderable light on this symptom 

That several important factors are to be taken into consideration as 
probable causative agents in the production of orthopnea is apparent 
It IS our conviction, however, that reduction m vital capacity is the 
primary factor \N ithout a severe reduction the condition cannot exist, 
and the more extreme the reduction the more likely the condition is 
to appear Contributory or associated conditions which increase the 
severity of orthopnea are moisture in the lungs and painful inflamma- 
tion of the pleura, both of which stimulate the cough reflex and thereby 
cause increased work on the part of the organism, with consequent 
increase in metabolism and the necessity for increased ventilation on the 
part of lungs already sorely embarrassed from the gieat reduction in the 
vital capacity It becomes apparent, then, that any other factors causing 
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an increase in the metabolic rate and, therefore, demanding increased 
pulmonary ventilation would be contributory causes, as fever, restless- 
ness, or exercise 

With these fundamental considerations, we believe it is quite 
apparent that orthopnea may be present in any condition which gives 
rise to severe reduction in the vital capacity of the lungs, with the 
hkhhood of its being still greater if any of the contributory causes are 
present It is not strange or peculiar, then, that it should be so often 
and so commonly seen m cardiac diseases, for in this condition we 
constantly find a reduction of the vital capacity, and the more severe 
the embarrassment of the heart, the greater the reduction of the vital 
capacity This has long been known, but the admirable work of Pea- 
body during recent years has emphasized the fact and greatly amplified 
our knowledge of the subject 

We believe that orthopnea may be subdivided into (1) orthopnea 
of choice, and (2) orthopnea of necessity In reality, the two condi- 
tions are precisely the the same, the only difference being one of degree 
“Orthopnea of choice” is by far the more common In this condition 
the patients prefer to sit up, but it is not essential to their well being 
for they can he down and remain comfortable In fact, we have made 
observations on these patients with regaid to then breathing, and find 
that they are practically just as well oft lying down as sitting There 
is no apparent increase in their lespiratory late or volume and no 
increase in the pulse rate From closely questioning many of them we 
have come to the belief that much of the “orthopnea of choice” is 
simply a matter of the patient’s being just a bit easier in the upright 
position That is to say, when he lies down and the additional 5 5 per 
cent of his normal vital capacity is taken away, he notices it and 
becomes apprehensive This is paiticularly tiue if he becomes restless 
in bed and thereby increases his metabolism, which, in turn, causes a 
demand for increased respiration from a vital capacity that is much 
reduced 

“Orthopnea of necessity” is, as the name implies, a condition which 
the patient brings about for self-preservation These cases are in the 
minority but they are not uncommon The patients assume the upright 
posture to take advantage of every available cubic centimeter of vital 
capacity We believe them to be persons who normally have a con- 
siderably smaller vital capacity in the lying than in the sitting posture , 
but with many of them one does not have to assume a bigger reduction 
than the average of 5 5 per cent to explain their discomfort Take 
as an example, a person like the one discussed previously, whose normal 
vital capacity of 4,000 c c has been reduced by disease to 1,000 c c If 
he should he down there would be a further reduction to 780 c c , which 
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would, of course, be wholly inadequate Add to that a fever or an 
exhausting cough, both of which would increase the metabolic rate or 
the demand foi gieatei pulmonary ventilation, and it is easy to see that 
this patient could not survive for a veiy long time If the patient foi 
any reason lies down in bed, theie is an immediate struggle on his 
part to get up His lespiiatoiy rate goes up, if it is possible, there is 
acceleration of the pulse late, cyanosis increases, and the patient 
becomes gieatly alaimed, stiuggles frantically for air, and looks with 
intense hoiror on what appeals to him as impending disaster This is 
the picture in our minds of “orthopnea of necessity.” 

It IS obvious, then, that orthopnea is laigely a question of vital 
capacity If there is for any leason just about sufficient reduction to 
use up the litxus, the additional loss of 5 5 per cent of the original 
normal vital capacity on assuming the lying position is immediately 
felt by the patient, and he piefers sitting up to pieseive even so small 
an amount, for then he is not quite so much aware of Ins respiratory 
needs But m another case, if the luxus is entirely used up when the 
patient is in the sitting posture so that lespnation is already increased, 
and he is now for any purpose put in a supine position, the additional 
loss of 5 5 pei cent of vital capacity becomes unbeaiable, and unless it 
IS immediately lestored disaster will follow 

It is not uncommon to see two patients with caidiac lesions equally 
severe only one of nhom has orthopnea Fiom all external evidences, 
the patients should be afflicted equally, but such is not the case This 
has mystified us many times, but we think the explanation is simple 
They may have their vital capacity i educed to the same degree, but 
the one who has orthopnea falls among the 80 per cent who suffer 
a ^arylng degree of reduction on lying down, while the other comes 
m the smaller group of those who have practically the same oi even a 
greater vital capacity when l)ing down We have repeatedly had con- 
firmation of this fact For instance, one oithopneic patient with his 
\ital capacity reduced to 1,200 cc has, when he lies down, a vital 
capacity of, sa}', 950 c c This patient is one of the great 80 per cent 
group of those who get a reduction of their vital capacity when they 
he down Anothei patient with just as seveie a cardiac lesion has no 
particular oithopnea though his vital capacity also is reduced to 1,200 
c c When this patient lies down it will be found that his vital capacity 
IS still 1,200 c c or may be even 1,400 c c , so that there is obviously no 
need for him to sit, as he is quite as comfoi table lying down as sitting 
There are all degrees of this condition, but it seems obvious to us 
that “orthopnea of choice” and “oithopnea of necessity are two clearly 
defined symptoms and their recognition is a simple procedure We 
further believe that the establishment of the fact that perhaps 0 per 
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cent of people breathe as much, if not more, when lying down is the 
final answer to the mystifying question of why some patients with 
severe cardiac disease do not have orthopnea 

DISCUSSION 

When this work was first under consideration, we were sceptical 
of our ability to get the maximum expiratory effort when a patient 
with intense orthopnea was reclining We have, m fact, had failures 
owing to our inability to gam the cooperation of the patient, but we 
have four chief reasons for thinking that the results herein recorded 
are as nearly accurate as can be obtained under the conditions (1) 
Repeated attempts were made, and in each instance the maximum that 
the patient breathed sitting or lying was the value chosen (2) Our 
forty-two patients with reduced vital capacity from disease lost only 
5 9 per cent of their estimated vital capacity when lying down, while 
our 290 normal subjects lost 5 5 per cent of their vital capacity when 
lying down (3) Approximately 80 per cent of our 290 normal had 
under the same conditions within 50 cc of their sitting vital capacity 
or even more, while of our patients with vital capacity reduced from 
disease, 81 5 per cent expired less lying down and 18 5 per cent 
came within 50 cc or breathed more lying down than sitting (4) 
There is only one patient in the series (J W , Table 1) who lost more 
than 10 per cent of his estimated normal vital capacity on lying down 
He was our worst case of “orthopnea of necessity,” but we had among 
our normal males those who lost as mucli as 10 per cent on lying down, 
and in the case of the females, two of them who were obese showed 
a loss of 20 per cent of their vital capacity m the supine position 
So it may be that J W in health would have reacted as did these 
normal subjects However, in the face of evidence to the contrary, it 
IS quite likely that the acute distress of most of the patients in this 
group did vitiate our results to a certain extent, for if we take only 
the group of cases with “orthopnea of necessity,” we find that they 
lose on lying down 8 per cent of their estimated normal vital capacity, 
which may indicate that they lost a little more as a result of their 
disease However, to establish the validity of our claims, we do not 
need such a great percentage of loss due to posture as 26 5 per cent , 
or one-fourth of the remaining vital capacity, which is the average 
reduction for all patients in this group 

We must add that all of the patients with “orthopnea of necessity” 
tabulated in Table 1 had some of the contributing causes of orthopnea, 
such as fever, cough, pain, nervousness, all of which would increase 
metabolism and thereby create a greater demand for pulmonary ventila- 
tion from a greatly inadequate ventilabng surface 
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It should be noted also that all of these patients in Table 1 breathed 
less lying down than sitting, and we believe most of them when m 
health would have responded like the 80 per cent of normals 

All of the figuies m Table 1 weie totaled in our averages, except 
those in the last two obseivations on M T, which were made after 
he had improved 

The cases of “oithopnea of choice,” as tabulated m Table 2, were 
very similar to those m Table 1, the difference being largely one of 
degree They could he down and remain fairly comfortable, but they 
preferred to sit upright Many of these patients had doubtless had 
“orthopnea of necessity,” but weie better when we saw them as the 
result of rest or therapy All of them lost an additional amount of their 
vital capacity on lying down, with the exception of one (T S ) She 
said she was more short of breath lying down, but it is to be doubted, 
because she shoved no increase in pulse rate or respiratory rate after 
l3^ing down twenty minutes She was very nervous and apprehensive 
and died subsequently 

Doubtless some of these patients cited in Table 2 would have had 
“orthopnea of necessity” had there been any contributory cause, such 
as increase m metabolism But clinically they weie not so acutely 
distressed as were those in Table 1 One patient (N) nicely illustrates 
this point While she had a gross reduction of her vital capacity from 
pleural effusion (massne) and cardiorenal and vascular disease, yet 
she vas free from any of the exciting causes of an increase in 
metabolism She sat up in bed day after day without an ache or pain, 
and breathed in apparent comfort 

Table 3 shows a group of patients with vaiying degi’ees of reduc- 
tion in their vital capacities but with no orthopnea It will be noted 
that (except three patients vho will be discussed later) none of them 
showed the exlensne reductions fiom disease that weie tabulated m 
the two other tables, nor did they show a gieat percentile loss of vital 
capacity due to lying down In fact, with the exception of one case this 
group contained all of the 18 5 per cent who showed no change oi a 
gain in vital capacity on lying down 

The second patient in Table 3 (A J ) was a man with extreme loss 
of vital capacity due to very maiked cardiac decompensation, as severe, 
in fact, as in many of the cases with “orthopnea of necessity ” This 
patient, it will be noted, was not orthopneic, and could and did he down 
perfectly well It was proved that his vital capacity was decidedly 
greater lying than sitting This man, we believe, belongs to the 20 per 
cent group of opr normal individuals who breathe as much or more 
when lying 

The lesults from the two obseivations made on Mrs T were not 
included m our totals, since we believe the upright vital capacity was 
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reduced because of an extensive synngomyelia involving her respira- 
tory muscles, which prevented her from sitting up with ease The 
reduction of her vital capacity must have been due to this cause, as 
her heart and lungs were normal 

In the case of L D , Table 3, the results were totaled nn our 
averages, but we believe much of the loss of her vital capacity was 
owing to an old paralysis as result of anterior poliomyelitis involving 
her respiratory muscles rather than to her heart disease 

Finally, Table 4 shows the whole of our senes of forty-two patients 
grouped under what we believe to be their proper classifications and 
averages The greatest vital capacity shown by any patient with 

TABLE 4 — Average of All Results on Patients 


Average Average Average 

Estimated Actual Per- Average 

Normal Determined centnge Loss in Percentage 
Vital Vital Reduction O c of Loss 

Capacity Capacity of the of the of the 

of all of all Vital Actual Actual 

Number Patients Patients Capacity Vital Vital 



of 

Oases 

Studied 

Studied 

Sitting, 

Oc 

Studied 

Sitting, 

Oc 

as a 
Result of 
Disease 

Capacitj 
by Lying 
Down 

Capacity 
bv Lying 
Down 


Orthopnea of 
necessity 

i 

9 

3,9S9 

1,222 

69 4 

327 

26 7 

All of these pa- 
tients fall within 
our group of the 
80% or more of 
normals who lose 
a varying degree 
of their vital ca- 
pacity on lying 
down 

Orthopnea of 
choice 

14 

3,746 

1,753 

54+ 

219 

12 5 

All of these pa- 
tients fall In the 
same 80% group 

Patients Pith 
great reduc- 
tions of the 
vital capac- 
ity without 
orthopnea 

19 

3,757 

2,696 

36 

127 

47 

18 5% of these pa- 
tients fall into 
the 20% group or 
thereabout of 
normal indlvldu 
als who increase 
their vital ca 


pacity or do not 
lose any on lying 
down 


“orthopnea of necessity” (Table 1) was 1,213 cc, or a 58 per cent 
reduction from his estimated normal The least was 1,107 c c , or a 
78 per cent reduction from the estimated noimal, and this latter case 
was clinically the most severe instance of orthopnea we have 
encountered All cases of “orthopnea of necessity” had an average 
reduction of 69 5 per cent from their estimated normal as a result of 
disease, and on lying down they lost 26 7 per cent in addition, or 
one-fourth of their then greatly reduced vital capacity The cases 
classified as orthopnea of choice” (Table 2) showed an average 
reduction of 55 per cent , due to disease, and they lost on lying down 
an average of 12 5 per cent , or one-eighth of their reduced vital 
capacity The group in Table 3 showed varying degrees of loss of 
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vital capacity fioni disease None of these patients had orthopnea 
They had an average reduction m vital capacity of 36 per cent of the 
estimated noimal, and lost only an additional 4 7 per cent on lying 
down 

We have data on about twenty additional cases which for various 
leasons aie not included in this repoit, but they would not materially 
alter the results heiem lecorded We propose to go forward with the 
woik, and the cases which we now have will form a part of our third 
contiibution on this subject 

The subject matter in our former paper and this one has entailed 
many figures and much calculating We have tried to eliminate all 
errors m totals, but doubtless some small ones have crept in How- 
ei ei , they i\ ould in no wa}^ invalidate oui i esults 

SUMMARY 

1 We conclude from our i esults that orthopnea can be divided 
into orthopnea of necessity and orthopnea of choice 

2 Orthopnea cannot exist without reduction of the vital capacity 
It the original loss from disease is gieat and the patient loses an 
additional amount on lying down, as did 80 per cent of our normals, 
there will be “orthopnea of necessity” “Oithopnea of choice” is more 
common and exists when the original loss from disease is smaller or 
the peicentile loss, as a result of posture, is not so great 

Some patients with as great reduction in then vital capacity from 
disease as is seen in “orthopnea of necessity” do not become orthopneic 
We believe them to be like the 20 per cent among our 290 normal 
subjects uhose vital capacity was unchanged or increased when they 
la) down 

Wc desire to express our thanks to Miss Ruth Trump, our chemical 
assistant, and ^Ir E J Warnick, our chief technician, for valuable aid in 
compiling the data in this papei and our previous one 



THE EFFECT OF OLIVE OIL ON GASTRIC FUNC- 
TION AS MEASURED BY FRACTIONAL 
ANALYSIS ^ 


BRUCE C LOCKWOOD, MD 

AND 

HAZEN G CHAMBERLIN, MD 

DETROIT 

Olive oil IS not uncommonly used m hypersecretory gastric dis- 
orders Most textbooks mention olive oil and infer that its 
administration lessens the secretion and delays gastric evacuation 
References, however, as to proof of its action are few 

Cowie and Munson,^ m 1908, made an extensive and convincing 
report on its action Pawlow, working on dogs, first found that olive 
oil did not stimulate gastric secretion but actually delayed it Similarly, 
on man after the ordinary testmeal extracted at one hour, and after 
meals with portions extracted at frequent intervals it has been found 
that olive oil and cotton seed oil when given before meals lessened 
acidity, delayed the height of secretion and retarded evacuation, while 
when given after meals it only delayed the height of secretion These 
investigators believed its action to be due to coating both the food and 
mucous membrane, thereby lessening the usual reflex local action of the 
food on secretion and peristalsis 

Crohn ^ recently reported two observations on the effect of olive oil 
on the fractional curve In the first case 2 ounces of olive oil were 
given immediately after the testmeal and a greater acidity was observed 
than in the control curve, while the emptying time remained the same 
His second observation was made in a case of continual hypersecretion 
in which 3 ounces of olive oil were given half an hour after the test 
meal and a diminution of average total acidity from 101 5 to 81 6 
degrees was noted He states that he was disappointed in its action 
Two observations, however, are quite insufficient to form any conclu- 
sion, especially in view of the variability of the stomach response at 
different times to the same stimulus 

We have noted clinically that most patients with hypei secretion 
report improvement after taking olive oil, yet occasionally one is found 
who does not seem to take the oil well, and complains of increased 
distress, regurgitation, etc 


From the Department of Internal Medicine, Detroit Receiving Hospital 
t CoAVie, D M , and Munson, J F An Experimental Study of the Action 
of Oil on Gastric Acidity and Motility, Arch Int Med 1 61 (Jan) 1908 
2 Crohn, B B Studies in Fractional Gastric Analysis. Am T M Sc 
155 801 (June) 1918 
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We have obseived thirteen patients, seven of whom were considered 
to have a noimal gastro-intestinal tract and six had been found to have 
an ulcer, eithei, pyloiic oi duodenal 

Pi ocedtti e The patient with a morning fasting stomach swallowed 
the small fractional tube and the fasting contents were aspirated An 
Ewald meal was then given with the tube left in place and from 5 to 
10 c c of contents was aspiiated at definite intervals until the return 
was consistently free of bread Theie was noted m each specimen the 
presence or absence of biead and bile The free and total acidity was 
detei mined by the Toepfer method All patients were tube broken 
befoie securing a control curve, and an effort was made to have them 
continue on about the same intake of food and water Within one or 
two days aftei securing the control curve another curve was obtained 
undei the same conditions, except that one ounce of olive oil was given 

TABLE 1 —Snows the Results in Seven Normal Cases from Administra- 
tion or 1 Ounce Olive Oil Fifteen Minutes Before Ewald Meal 


A^oniKC AvcrnRC 51 i\lmal Maximal Evacuation 

1 rec nCl Total Acl(lit\ Free UOl Total Acidity Time 

« , * , , , » * 


Cnsc 

Con- 

trol 

Cuno 

Ciinc 

after 

on 

, ^ 

Con- 

trol 

Curve 

Cur\c 

after 

Oil 

, ^ 

Con 

trol 

Cur\o 

Curve 

after 

Oil 

* 

Con 

trol 

Curve 

Curve 

after 

on 

Con 

trol 

Bread 

After 

Bread 

Oil 

s Bil 

, ^ 

Con- 

trol 

e 

— 

on 

A D 

40 

80 5 

52 

45 7 

51 

50 

GO 

06 

120 

180 

180-1- 

0 

+ 

A L 

20 4 

17 

504 

201 

35 

34 

51 

44 

100 

200 

200-1- 

0 

4 " 

J 51 

37 

271 

5-1 2 

80 5 

60 

42 

72 

55 

100 

120 

120 

0 

-1- 

P G 

37 2 

30 3 

42 

43 4 

03 

44 

70 

52 

120 

200 

200-f 

0 

-1- 

G S 

30 

30 0 

5.1 

40 4 

00 

62 

so 

00 

80 

180 

210-1- 

0 

-+- 

H 51 

40 2 

20 4 

C<>G 

431 

83 

03 

OS 

70 

76 

105 

135 

0 

0 

J K 

0 

0 

10 

10 

0 

0 

30 

35 

oo 

76 

100 

0 

+ 

cr 

371 

27 0 

IS 3 

30 0 

680 

401 

071 

54 4 

07 8 

151 4 

103 5 




after the aspiiation of the fasting contents and fifteen minutes previous 
to the Ewald meal In the specimens of the test curve the piesence of 
olive oil was also noted and an effort made to detei mine its evacuation 
time In more than one half the tests oil was still present in the 
stomach foi a consideiable pciiod after the bread had disappeared and 
the experiment was discontinued 

Results — In Table 1 aie tabulated the results in the seven normal 
cases obsei ved As will be noted, the avei age free acidity was reduced 
9 2 degrees aftei taking the oil and in only one case was the average 
free acidity as high after taking oil as it was in the contiol 

The aveiage total acidity was i educed about the same amount (9 3 
degiecs) In one case it was slightly higher after the oil and in another, 
an achylia, the aveiage total acidity lemained the same 

The high point of fiee acidity was reduced 8 9 degrees and of total 
acidity 12 7 degiees In no case did the maximal free acidity go as 
high aftei taking oil as in the control cuive, yet m one case the high 
point of total acidity was slightly higher with oil than without it 
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The evacuation time in the controls averaged 97 8 minutes while 
after oil administration the average stay of bread m the stomach 
averaged 151 4 minutes, a delay of 53 6 minutes Oil was still present 
m the stomach in four of the seven cases for an average lime of 163 5 
minutes, that is, m the majoiity of cases it was still present 10 minutes 
after the bread had left, showing that it is the last to be evacuated by 
the normal stomach 

Bile regurgitation was not seen in any of the seven control curves, 
yet in the oil test curves it was observed m one or more specimens in 
SIX of the experiments Figure 1 shows the curves of total acidity 
representing about the average results seen in this series 

Table 2 shows the results of six observations made on ulcer cases 
The average free acidity was lowered 116 degrees However, in one 
observation (M G 2) it was 13 6 degrees higher after taking oil than 
in the control test 

TABLE 2 — Shows the Results in Six Cases Diagnosed Duodenal or 
Gastric Ulcer erom Administration of 1 Ounce Olive Oil 
Fifteen Minutes Before Ewald Meal 


Average Average Maximal Maximal Evacuation 

Free HOI Total Acidity Pree HOI Total Acidity Time 

. , , . ^ , * , , . , , < . Bile 

l**nt*irTn OrtTi OiarTTA r}r\r\^ 


Case 

Con 

trol 

Curve 

Curve 

after 

Oil 

Con- 

trol 

Curve 

Curve 

after 

Oil 

Con 

trol 

Curve 

Curve 

after 

Oil 

Con 

trol 

Cunc 

Curve 

after 

Oil 

Con- 

trol 

Bread 

After 

Bread 

Oil 

t ^ 

Con 

trol 

'"N 

on 

M X 

G36 

60 

76 

64 5 

93 

70 

no 

82 

135 

180 

180 

0 

-f 

A H 

58 2 

39 8 

607 

77 8 

108 

55 

140 

92 

135 

180 

180-1- 

-f- 

+ 

H S 

582 

44 8 

74 

69 9 

80 

62 

98 

85 

120 

120 

165-1- 

0 

0 

M S 

858 

60 2 

96 

69 

85 

80 

98 

123 

105 

135 

180-1- 

-1- 

“f 

H O’- 612 

49 4 

077 

65 5 

58 

70 

78 

93 

105 

135 

135 

0 

4* 

H G 

2 46 4 

69 

051 

81 

72 

87 

93 

108 

135 

ISO 

210 

0 

0 

Aver 

G04 

48 8 

74 0 

69 6 

82 

71 

102 8 

97 

123 

ICO 

175 




The average total acidity was reduced only 4 4 degrees and ran 
higher in two cases after oil administration 

The maximal free acidity was reduced 11 degrees, yet in two 
observations (M G I and M G 2) the peak of the curve was higher 
after taking oil 

The maximal total acidity was lowered 5 8 degrees yet in three of 
the tests the high point after taking oil exceeded the control curve 

The average evacuation time of the bread in the control tests was 
123 minutes, after taking oil it was 160 minutes, and the oil still 
remained in the stomach from fifteen to twenty minutes later in one half 
the cases 

Bile regurgitation was noted in two of the control curves and in four 
of the six test curves 

In Figure 2 are shown the curves of total acidity before and after 
oil administration as observed in patient H S This represents the 
average affect of oil 
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Fig 

results 


Fig 
m H S 



1 Cur^ es of total acidity in the case of G S representing average 
Dotted line, control curve, solid line, curve after taking oil 



—Curves of total acidity before and after taking olive oil as observed 
Dotted line, control curve, solid line, curve after taking oil 








100 


ARCHIVES OF INTERNAL MEDICINE 


In the whole series of thirteen observations, the average free acidity 
was reduced 9 5 degrees, and in only one of the thirteen cases was it 
higher after taking oil than before The average total acidity was 
reduced 7 8 degrees, and in only three of the thirteen cases was it higher 
after taking oil The high point in the curves of free acidity was 
reduced an average of 10 8 degiees and was higher in only two cases 
after taking the oil than in the control The high point of total acidity 
was reduced an average of 9 1 degrees, yet in four of the cases it ran 
to a higher point after the administration of the oil The evacuation 
time for the bread of the Ewald meal was lengthened about forty 
minutes, and the oil remained m the stomach an average of at least 
fifteen minutes longer Bile regurgitation occurred in ten cases after 
the use of oil, and m two of the normal controls 

There was no marked difference between the results m normal cases 
and ulcer cases, except possibly the oil action was slightly gi eater in the 
former than in the latter 


SUMMARY 

These experiments demonstrate that olive oil given before meals, 
as is usually done clinjLcally, reduces the average total acidity about 12 
per cent , and lowers the lugh point of the curve about the same degree 
It causes a marked delay of the test meal in the stomach and the oil 
IS the last portion of the meal to be evacuated When oil is given, 
regurgitation of bile is five times as frequent as without it 

A discussion of the mechanism by which these effects are produced 
would involve a lengthy discussion of gastric physiology Our results 
are similar to those obtained by Cowie and Munson, who attributed 
the oil action to coating of the food and mucous membrane whereby 
the usual local reflex action of the food is lessened 

In view of the marked biliary regurgitation (present in ten cases out 
of thirteen cases following oil administration) it may be well to consider 
this among the causative factors in our findings 

The presence of bile in the stomach usually means reverse peristalsis 
This alone might account for the delay in emptying time Alkaline 
duodenal regurgitation might also lower the acidity to the extent found 
Spencer, Meyer, Rehfuss and Hawk ® believe that duodenal regur- 
gitation IS a body defense to protect the small intestine from oncoming 
irritants They found trypsin almost constant in the stomach and 
It was not necessarily accompanied by bile The higher the trypsin 
content the lower the acid level This self regulating action of the 
pylorus has also been emphasized by BoldyruflF ^ 


3 Spencer, Meyer, Rehfi^s and Hawk Effect of Duodenal Regurgitation 
on Gastric Function, Am J Physiol 39 459, 1916 

ti T Self-Regulation of the Acidity of the Contents of 

the Stomach, Quart J Exper Physiol 8 1, 1914 
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CONCLUSION 

The admmisti ation of 1 ounce of olive oil before meals causes a 
reduction of the average acidity and a lowering of the high point of 
acidity about 12 per cent. It also causes a delayed evacuation for the 
bread of an Ewald meal for forty minutes longer than m the control 
and the oil remains at least fifteen minutes longer It also causes a 
regurgitation of bile in about 80 per cent of cases 



STUDY IN BASAL METABOLISM IN DEMENTIA 
PRAECOX AND MANIC-DEPRESSIVE 
PSYCHOSES ' 

CHARLES E GIBBS, MD, and DOROTHEA LEMCKE, BS 

NEW YORK 

The idea has long been current that disturbances of metabolism 
occur in certain mental disorders Theories of an intoxication, prob- 
ably endogenous, have often been advanced Until recently the chem- 
ical methods available for clinical application did not afford sufficient 
evidence to indicate the extent or nature of such disturbances, and 
there was little to indicate what structures or functions might be 
involved The more improved methods of clinical chemistry and the 
increasing evidence that the ductless glands are involved m many 
disturbances of growth and metabolism have recently caused a greatly 
increased interest and activity m the study of such disturbances in 
patients with mental disease As a result, there is now some evidence 
and considerable opinion that disorders of the ductless glands and 
changes m metabolism may occur in certain psychopathic conditions 
and psychotic reactions 

Variations in the basal metabolic rate have been found to occur in 
clinical conditions involving certain ductless glands, especially the 
thyroid and pituitary This should, therefore, be a useful method for 
detecting in psychotic patients disturbances of metabolism m which these 
glands are involved Bowman ^ has obtained readings bolew — 10 per 
cent m seven of ten patients with dementia praecox In five of the 
seven, the rate had increased to — 10 per cent , or higher, at the end 
of six months 

The observations we here report were made for the purpose of 
obtaining some idea as to the relation of the mental state of the patient 
to the basal metabolic rate, while, at the same time, we endeavored to 
determine in just what clinical types of psychotic reaction, studies m 
metabolism may be carried on most profitably and controlled 
appropriately 

Technic The observations were made in rooms on the same floor 
with the ward occupied by the female patients studied No food was 
given after the supper at 5 30 the evening before the tests, and the 
samples ^\ere collected from 9 15 to 11 a m The female patients 

■*= From the Ne^y York State Psychiatric Institute, and the Medical Clinic, 
New York Hospital 

1 Bowmian K M , Edison, J P , and Burladge, S P Biochemical Studies 
m Ten Cases of Dementia Praecox, Boston M & S J 187 358, 1922 
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weie kept in bed on the inoining of the test, taken to the toilet at 8 30 
and then placed in laige i oiler chairs completely recumbent and with 
sufficient blankets and pillows to insure comfort and warmth They 
ueie then kept undei constant obseivation to secure the necessary 
rest period and i oiled into the loom for observation when recjuired 
]\Iale patients were diessed, walked down one flight of stairs, acioss 
the giounds about 200 yaids and up one flight, partially undressed, and 
placed 111 the chans at 8 30 

The apparatus used in determining the basal metabolism was a 
spirometer of the Tissot type having a capacity of more than 125 
hteis Outdoor air was brought into the room by means of a six inch 
galvanized non pipe The inspned and expned air was separated 
by means of a modified Loven valve - A gas mask,® such as was used 
by the Fiench Army, was used in the majority of observations in 
connection with this valve and was found to be more satisfactory than 
the usual mouthpiece and nosechp, although in many cases both were 
tried Not only did the majoiity of patients have less difficulty in 
breathing natinally thiough the mask, many patients almost falling 
asleep, but the cooperation of the patients became a less important 
factor so long as they remained physically quiet 

The pulse late and lespiration were counted before, during and 
after the obsenation The aveiage counts are recorded in the tables 

The spirometer was washed out with approximately 15 liters of 
expired air and the aveiage volume expired per minute was noted If 
the patient appealed fairly comfoi table and seemed to be breathing 
naturall), the three-vv^ay v^alve leading to the spirometer was opened 
at the end of an expiration The patient was peimitted to breathe into 
the gasometer for six minutes unless the volume expired was abnor- 
mally small In that case the valve was turned off at the end of an 
expiration after eight minutes The time was always recoided by a 
stop-watch Any physical oi mental disturbance on the part of the 
patient was especially noted 

Samples of air were collected in bottles containing equal parts of 
glycerin and saturated sodium chloiid solution The expired air 
analyses vv^ere alvv^ays done on the day of the observation, with a 
modification of a Hcndei son’s air analyzer Analyses of outside air 
with this appaiatus gave aveiaged valv''es of 003 per cent for carbon 
dioxid and 20 91 per cent for oxygen 

2 McCann, W S The Effect of the Ingestion of Foodstuffs on the Res- 
pirator}^ Exchange in Pulmonary Tuberculosis, Aich Int Med 25 850 (Ju y; 

1921 , ^ , ,, ^ , 

3 Bailey, C V Apparatus Used m the Estimation of Basal Metabolism, 

J Lab & Clin M 6 657 (Sept ) 1921 
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In determining the values for carbon dioxid and oxygen m expired 
air, duplicate analyses checked within 0 04 per cent , except in two 
cases in which the variation was 0 05 per cent 

Selection of Cases — The more typical cases of dementia praecox, 
manic-depressive insanity and psychoneurosis were considered as most 
suitable, and preferably those in the moie active and acute phases, 
provided sufficient cooperation could be had to meet the requirements 
of the procedure Each patient was examined from the standpoint 
of disordered thyroid and other gland function The more definite 
findings of this character which might influence the basal rate are 
noted m Tables 1, 2 and 3 Except to this extent none of the 
patients was considered to show gland distuibance of the recognized 
clinical types which w'ould be expected to influence the rate To what 
extent the readings may be accounted for m these terms will be dis- 
cussed later None of the cases was considered from routine examina- 
tion to be complicated by organic disease of the nervous system or 
other organs except the postencephalitic case in the miscellaneous group, 
and a trace of alhumin and a few casts m the urine, at times, in the 
first case m the manic-depressive group 

The cases were observed on the Psychiatric Institute Service and 
were carefully considered from the standpoint of clinical grouping by 
Dr Geo H Kirby, director of the institute 

Cooperation — The requirements of the test are physical and mental 
rest and relaxation to secure a basal level If the physical factor can 
be secured then variations in the mental factor can be considered m 
relation to the basal rate The notes m the tables as to cooperation 
refer to the physical requirements, primanly the control of motor 
activity during the test and the preliminary rest period, and to the 
respiration The term “satisfactory” designates a degree of physical 
cooperation comparable to that of the average nonpsychotic patient 
In some cases, especially the retarded depressions, there was even less 
motor activity than normal In those noted as “restless” there was 
some shifting or turning m the chair or moving of the head and arms, 
in some instances accompanied by talking Further observations are 
necessary to determine just how much the rate is influenced by the 
motor activity and such disturbances of respiration as occur in mildly 
restless patients In some of the readings the variations of this kind 
were considered to be so small that the reading could be classed as 
satisfactory These readings are noted as satisfactory, but with the 
addition of notes to indicate the presence of slight variations Less 
satisfactory readings are indicated by the notes Where the reading 
was quite evidently influenced by motor activity the reading has been 
enclosed m brackets 
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Mental cooperation by psychotic patients to the extent of mental 
quietness oi relaxation in the same sense as m nonpsychotic or non- 
neurotic patients is of couise quite difficult to obtain or even to 
estimate accuiately The psychic factor, the mental or emotional state 
or tension, in i elation to the basal late has been consideied in two ways, 
assuming that motor activity is controlled First, as a separate factor 
influencing the rate directly, and second, as a part of the total clinical 
pictui e of the psychosis T. hat is, whether the rate would vary with 
the character and intensity of the mental and emotional state at the 
piecise time of collecting the sample, or would be more closely cor- 
related with the clinical type of psychotic reaction as shown by the 
symptoms and behavior from day to day It would now seem that 
the demonstration of a direct i elation between the rate and the mental 
state at the tune would require quite caieful psychologic observations 
and a degree of cooperation which cannot be had from the types of 
patients who have shown the gieatest variation from the normal rate 
It would also probably be essential to separate the mental state into 
several factors including the mental content, or what the patient was 
thinking about, and the charactei and intensity of the emotional reaction 
both subjectively and objectively A direct psychic or emotional influ- 
ence on the rate to an extent requiring such observations at the precise 
time of determining the late would suggest a considerable degree of 
lability and responsiveness by the rate to such stimuli It is of interest 
here to note the increase in the basal late following the subcutaneous 
injection of 0 5 c c of epinephiin,^ which suggests an increased rate 
in primitive emotional reactions like fear, as described by Cannon and 
by Watson A similar and sustained response of the organism to 
prolonged emotional stimuli of this kind would, however, seem more 
problematical And, unfortunately, the complex emotional factor in 
psychotic reactions is often quite difficult of estimation and expression 
in these terms In the cases here reported the consistency of consecu- 
tive readings on the same patient speaks against a responsiveness by 
the basal rate to any factor which can be considered separately and 
independently from the total clinical condition from day to day It 
remains, theiefore, fo considei the rate in relation to the clinical reaction 
types into which the cases fall and what factors or symptoms in the 
clinical picture it can be coi related with 

MANIC-DEPRESSIVE GROUP 

The manic-depressive cases are ai ranged in Table 1 somewhat 
according to the basal rate, with the lowest at the top The first seven 
cases were typical of depression The fiist four cases were recent 
admissions, and quite comparable clinically, had shown little or no 

4 Sandiford Am J Physiol 51 407, 1920 
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TABLE 2 — Dementia Praecox Group 
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no ARCHIVES OF INTERNAL MEDICINE 

improvement when these observations were started, cooperated well, 
and showed rather consistent readings which averaged — 11 2 per cent 
The fifth patient did not cooperate well The sixth and seventh patients 
were much improved and showed readings more nearly normal In 
Case 9 the manic attack was accompanied by considerable loss of 
weight The first readings, — 8 and — 15 per cent , respectively, were 
made soon after the patient was quiet enough to cooperate There 
was rapid improvement with gam in weight The last readings were 
made just as the patient was ready to go home, and were + 7 and 5 
per cent respectively 

In Case 15 there were no very definite signs of hyperthyroidism, 
although the readings were -f- 35 and -f- 20 per cent Since admission 
the emotional reaction has been objectively quite marked At first she 
cried easily and showed a flushed face, and is now quite definitely and 
genuinely elated 

Two patients (Cases 13 and 14) showed the agitated type of 
depression, but cooperated sufficiently well to indicate that their agita- 
tion did not raise the rate above the normal limits, although it may 
have kept it from being as low as in the simple depressions 

In the manic-depressive table there has been set out in separate 
columns a rough estimate of the psychomotor and emotional factors 
in the clinical picture as shown from day to day Study of these in 
1 elation to the rate indicates that further observations are necessary 
to determine whether any very close relation exists between these 
factors and the basal rate, and that one cannot be considered without 
the other In addition to the question of cooperating, it should also 
be borne in mind that a hypomanic state may represent a transient 
or rather convalescent phase of the psychosis, and for this reason may 
not be comparable to the more marked manic or depressed states 
Gams m weight have been noted m some such cases 

If, as IS indicated by these findings, the rate is slightly decreased 
m depressions, it should probably not be concluded that the basal late 
IS influenced in the same way m individuals suffering from emotional 
disturbances but who have not become psychotic Many of these 
manic-depressive attacks seem to be clearly precipitated by emotional 
and other influences similar to those found m the history of many 
cases of exophthalmic goiter, while in others it is apparently impossible 
to establish a relation between an emotional disturbing cause and the 
mental break-down 

DEMENTIA PRAECOX GROUP 

Cases which were considered to be essentially and fundamentally 
of the schizophrenic type have been included in Table 2 As previouslv 
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indicated, theie was not enough evidence of disturbed endocrine func- 
tion to explain these definitely abnormal rates in terms of recognized 
clinical types, i e , as hypothyroid oi hyperthyroid or pituitary Skin 
ei idence of myxedema was not found in any case in this group There 
was no adiposity noi definite infantilism Evidence of growth dis- 
turbance was, however, present in some One patient (Case 16) gave 
a histoiy of leceiit veiy lapid growth Another (Case 17) had not 
attained physical sex maturity and had had a single scanty menstiu- 
ation One (Case 18) would probably be classed as pol)''glandular 
None of the males was leiy definitely deficient in gross gonadal develop- 
ment, and m most of them, including Case 16, it was equal to the adult 
average Several patients showed deficient or pen^erse secondary sex 
features In the light of present evidence these lesser degrees of dis- 
turbed development of bone, muscle, and the physical characteristics 
of sex probably cannot be expressed in terms of any one gland 
Adequate function of seveial glands seems to be necessary for com- 
plete physical maturity Therefore, the most that can be said as to 
their relation to metabolism is that some of the cases show this much 
ewdence of a disturbance of an “endocrine” nature Some evidence 
as to the frequency of imperfect and retarded sex development in cases 
with early onset will be piesented by one of us (Gibbs) in another 
paper 

Starvation or undernutntion does not seem to explain the findings 
except possibly to some extent m Cases 16 and 19 These patients 
were poorly nourished and there was some question of restriction of 
food intake due to an inclination to refuse food The extent of this 
could not be determined None of the others was definitely under- 
nourished One patient (Case 17) had lequired to be spoon-fed when 
admitted in 1920 but for several months had eaten ravenously her own 
food and that of other patients and was well nourished 

One boy (Case 16) presented several features winch suggested a more pro- 
found disturbance of metabolism than simple inanition as the cause of the 
low readings, ivliich averaged — 27 per cent In October, 1920, soon aftei the 
patient was 16 3 'ears of age, this boj^ had left his position and found work else- 
where because he thought the girls in the office where he worked were laugh- 
ing at him Later he felt too weak to work, and finally in August 1921, he 
quit w’ork entirely, and definite ideas of reference w'ere noted Fear was said 
bj”^ his mother to be a dominating symptom for a year before his admission 
After September, 1921, he would not leave the house and w^as verj fearful 
In October, 1921, he began to grow' so rapidly as to require new clothing This 
w'as associated with a voracious appetite, especially for sweets About Christmas 
1921, severe headaches developed, appetite became poor and bowels constipated 
This continued until February when an acute delusional episode with an attempt 
at suicide caused admission to the hospital, Feb 4, 1922 

He was thin, and the muscular wasting, or lack of development, seemed 
slightly out of proportion to the loss of subcutaneous fat The thyroid w'as 
palpable at the isthmus, but w'as thought to be small There w'as no appear- 
ance of myxedema The testes w'cre of the average adult size w'lth a fair grow'ti 
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of pubic hair of masculine type No hair on chest or face Had to be spoon- 
fed Said he could not eat because bowels were stopped up and stomach was 
full Bowels moved daily voluntarily or by enema This was the status when 
the basal rate determinations were made There was no loss of weight 
during the five days between the first and last determinations February 21 a 
twenty-four hour urine of 1,250 c c contained 3 gm creatinin and 387 mg 
creatin (Folin method, creatinin-zmc chlond standard) March 2 a twenty- 
four hour urine of 1,015 cc contained 1349 gm creatinin and 172 mg creatin 
with a total nitrogen of 7 32 gm (Kjeldahl) February 17 the fasting blood 
sugar was 112 4 mg per 100 cc (Folm), and forty-five minutes after the 
ingestion of 80 gm of glucose it had risen to 230 mg Sugar did not appear 
m the urine (Benedict) 

Further observations could not be made because the patient became so 
actively suicidal in response to his delusions as to require constant restraint 
in a protection sheet Thyroid, 2 grains daily, was given from March 9 to 
March 19, but produced no appreciable effect and was discontinued because of 
a loss in weight Restraint continued to be necessary April 15 the hands and 
forearms were markedly cyanotic and cold, and passive motion at the elbows 
was difficult because of greatly increased muscle tonus Tube fed twice daily 
Anterior pituitary (Armour), gram daily, with one of the meals was begun, 
since which time gradual increase in food intake with gain in weight has been 
noted May 5 he was taking his food voluntarily, muscular tension has relaxed 
and cyanosis almost gone 

The cases are too few to attempt correlations between the rate and 
the clinical picture as a whole or separate symptoms or factors Just 
how much the rate vanes with the clinical picture, with the quiet and 
disturbed phases, the fluctuations in weight, appetite, and behavior 
which some of these patients show must be the subject of further 
careful observations, following the same patient through these changes 
In the cases studied those which seemed to be in the more active or 
acute phases of the reaction also showed the greatest variation from 
the normal rate In Case 19, however, it was noted that with an 
increase in the severity of symptoms, the rate became more nearly 
normal Two factors may have influenced it, the greatly increased 
muscle tonus or the increased protein in the tube-fed meals of milk and 
eggs which the patient had been receiving for three days before the 
last reading 

Correlation between the basal late and the psychomotor and emo- 
tional factors has not been attempted in this group, since they are in 
many cases so much more difficult of description, evaluation, and 
classification than in the aftective group In certain of the dementia 
piaecox cases with a definite emotional coloring the basal rate showed 
quite definite variations from normal In Case 16 there was marked 
depression and apprehension on a delusional basis, while in Case 26 
there were periods of excitement and over-activity and an increased 
rate just following and preceding such periods In other cases 
however (Cases 17 and 18), the emotional factor was not prominent, 
and there were also definitely low readings 
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Case 27 was not included in the dementia praecox group because 
some doubt remains as to the essential natuie of the psychosis The 
patient ieco\eied fiom the first episode with apparently complete 
insight The diagnoses made at the time are indicated in Table 3 
The clinical picture at the time the readings were made was one of 
depression The readings weie lower than m the simple depressions 
and the late was not raised by thyroid, suggesting the possible presence 
of some constitutional factor not present in the simple depressions 

Theie is also some question as to the diagnosis of cases classed as 
pS 3 ^choneuiosis They ha^e been introduced as control cases for the 
reason that the} were in a settled chronic state rather than an acute 
phase of their ps}chosis Cases of psychoneurosis which would afford 
a satisfactory basis for comparison with neurotic types usually regarded 
as nonpsjchotic were not available m the hospital at the time these 
obser\ations were made 

Three nurses and one physician who sei ved as controls gave normal 
readings, while one nurse and one physician gave abnormal readings, 
the evidence for which is shown in the tables 

The discussion in this paper has probably gone into more detail 
than is warranted by the data It may be justified by bringing out 
some of the points to be considered, especially that in functional studies 
of this chaiacler interpretation of the findings must be made in the 
light of the clinical state or phase presented by the patient at the time 
Some of the repoits on biochemical studies in the functional psychoses 
indicate that this has not always been considered The work of Folm ^ 
on metabolism in mental disorders has been subjected to this criticism 
by Pighini and Statuti ” It is of inteiest to note that while the work 
of Fohn was quite exiiaustn e on the chemical side, the selection of 
cases and limited clinical obseivations prevented correlations between 
the chemical findings and the acute and chronic phases The seven 
dementia praecox cases studied were all in the chronic phase If there 
are abnormal variations in the metabolism in dementia praecox it would 
seem probable that such changes would be most marked and therefore 
most tangible and appropriate foi study in the more active and acute 
phases of the process Pighini and Statuti found an excessive elimination 
of nitrogen, phosphorus, and unoxidated sulphur m all of six cases 
of dementia praecox in an acute exacerbation Benedict recently 
suggested a close relation between nitrogen loss and decreased basal 
rate 


5 Folm Am J Insanity 60 699, 1904, 61 299, 1904 

6 Pighmi and Statuti Metabolism in Dementia Praecox, Am J Insanity 
67 299 1910 

7 Benedict Metabolism During Starvation and Undernutntion, New 
York M J 115 249 (March) 1922 
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SUMMARY 

1 Definitely abnormal basal rates were found in psychotic patients 
in the moie acute phases of their psychosis The variations from 
normal weie greatei in dementia praecox patients than in manic- 
depressive insanity 

2 The patients did not show sufficient evidence to explain satis- 
factorily the findings m terms of thyroid or pituitary disorder Several 
of the dementia praecox patients did show some evidence of disturbed 
giowth, including incomplete sex maturity 

3 Thyroid by mouth raised the rate to noinial in two cases of 
manic-depressive depiession, but did not in a case with more marked 
constitutional psychopathic features No immediate mental improve- 
ment followed thyroid in these three cases 

4 Inanition was not thought to account for the low leadings except 
possibly to some extent in two cases In one of these there was 
found a creatinin excietion of 33 mg pei kilo, with 172 mg creatin, 
in twenty- foui hours, and m the other a creatinin excretion of 26 8 mg 
pel kilo, with 195 mg cieatin, in twenty-foui hours 

5 In functional studies in the psychoses the findings should be 
considered in relation to the symptoms and phases or stages presented 
by each patient as well as to the clinical group to which he belongs 
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The worth of an organ is measured by its capacity to perform the 
daily task, in other words, by its physiologic efficiency This idea of the 
fundamental importance of the patency of the organ underlies the 
many attempts to discover means of assaying the functional capacity of 
the affected organ The kidney, on whose integrity an individual’s 
welfare depends to a large extent, has been the object of the greatest 
number of functional tests The tests most m vogue in clinical medicine 
fall into several groups depending on the particular task which each 
purports to present to the kidney One of the most commonly employed 
tests IS concerned with the ability of the kidney to rid the body of a 
foreign body, such as the dye phenolsulphonephthalem ^ Others attempt 
to place the kidney under an increased strain in performing its excretory 
function, by increasing very greatly the amount of sodium chlorid,^ of 
uric acid^ or urea^ and finding out how well the kidney measures 
up to the expectation under the strain Inasmuch as the kidney is an 
organ of considerable structural complexity, with great possibilities for 
compensatoiy rearrangement of the functional load, Mosenthal’s 
method,® involving a survey of various aspects of the kidney physiology, 
comes closer, perhaps, to giving an insight into the condition of this 
organ than any other test, but, as was pointed out recently by Rabino- 
witch,® no single test is reliable and the responses to each test vary with 
the type of nephritis 


* From the Department of Biochemistry and the Medical Service of the 
University Hospital, Nebraska University College of Medicine 

1 Rowntree, L G, and Geraghty, T J An Experimental and Clinical 
Study of the Functional Activity of the Kidneys by Means of Phenolsulphone- 
phthalein, J Pharmacol & Exper Therap 1 579, 1910 

2 Kummer, R H L’ appreciation des fonctions renales par I’alterance des 
eliminations ureo-chlorurees ainsi que par le bilan chlorure au cours de la 
chlorune experimentale, Presse med 29 603, 1921 

3 Magath, T B A Test for Early Renal Insufficiency, T Lab & Clm M 
6 463, 1921 

4 MacLean, H , and de Wesselow, O L V On the Testing of Renal 
Efficiency with Observations on the Urea Coefficient, Bnt T Exper M 1 S3, 
1920 

5 Mosenthal, H O Renal Functions as Measured by the Elimination of 
Fluids, Salts and Nitrogen, and the Specific Gravity of the Urine, Arch Int 
Med 16 733 (Nov) 1915 

6 Rabinowitch, I M The Urea Concentration Test for Kidney Function, 
Arch Int Med 28 827 (Dec ) 1921 



MORGULIS ET AL — HIPPURIC ACID SNYTHESIS 


Ever since Bunge and Schmiedeberg ^ demonstrated m their experi- 
ments on dogs that hippunc acid is synthesized in the kidney from 
benzoic acid and glycocol, the ability of this organ to effect such conju- 
gation has been investigated extensively as a means of determining 
the extent of lenal injury It stands to reason that if the hippunc 
acid synthesis is a specific function of the kidney parenchyma, any 
lesion which is sufficient to influence its functional capacity would also 
and, pel haps, definitely reveal itself in a dimimshed ability to perform 
the synthesis Indeed, this consideiation forms the major premise of 
the argument which soon after Bunge and Schmiedeberg’s discovery 
stimulated the investigation of the hippunc acid synthesis under 
pathologic conditions by Jaaiveld and Stokvis,® Weyl and Anrep,® and 
Kronecker These reseaiches have helped to establish the mam con- 
tention that the ability to synthesize hippunc acid suffers greatly in 
the human subject whose kidney parenchyma is diseased 

Recently Violle adopted the method for clinical purposes Real- 
izing that quantitatne knowledge of hippunc acid synthesis would 
throw impoitant light on the physiologic condition of the renal organ, 
we decided to study this matter further in our hospital patients with 
primary or secondary kidney affections 

WJioc Is the Hippunc Acid Synthesized ^ — As was already pointed 
out, the quantitatne study of hippunc acid excretion under pathologic 
conditions piesupposes that the synthesis takes place m the kidney It 
is immaterial if other organs or tissues are likewise potential seats of 
hippunc acid formation, but if these do contribute appreciably to this 
synthesis, then obviously theie would be little justification for applying 
the test to estimate the renal function In 1911, Friedmann and 
Tachau,^- perfusing rabbit livers, found that on the addition of benzoic 
acid, the perfusion blood contained hippunc acid They advanced the 
view that m the herbiverous animal, at any rate, the liver partakes in 
the synthesis Their method of analysis, however, is quite involved 
and by no means quantitative (Die beschriebene Method ist keine 
quantitative) They found that only a limited synthesis occurs, and. 


7 Bunge, G, and Schmiedeberg, O Ueber die Bildung der Hippursauie, 
Arch exper Pathol u Pharmakol 6 233. 1876 

8 Jaarveld, G J , and Stokvis, B J Ueber den Emfluss von Nieren- 
affectionen auf die Bildung von Hippursaure, Arch exper Pathol u Pharmako 

10 268, 1879 , , TT ^ 

9 Weyl, T , and Anrep, B Ueber die Ausscheidung der Hippursaure und 

Benzoesaure wahrend des Fiebers, Ztschr f physiol Chem 4 169, 

10 Kronecker, F Ueber die Hippursaurebildung beim Menschen m Krank- 
heiten. Arch exper Pathol u Pharmakol 16 344, 1883 

11 Violle, P L Recherches sur ‘Tepreuve de la syn^ese hippunque commc 
moyen d’exploration des fonctions renales, Ann de med 9 330, ^ 

12 Friedmann, E, and Tachau, H Ueber die Bildung des Glykokolls im 
Tierkorper I Synthese der Hippursaure in der Kanninchenleber, Biochem 
Ztschr 35 88, 1911 
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a very significant finding, that the addition of glycocol to the perfusion 
blood did not increase the hippuric acid output In view of this fact, 
and also because their perfusion experiments with kidneys failed to 
yield any hippuric acid, the results of Friedmann and Tachau do not 
seem to us to establish a pnma facie case for the hypothesis that the 
liver participates to an important degree m the synthesis Of course, 
these authors, having recognized the convincing force of Bunge and 
Schmiedeberg’s expeiiments, suggested that a fundamental difference 
exists between herbiveious and carniverous animals as far as hippuric 
acid synthesis is concerned Kingsbury and Bell,^® however found 
relatively large amounts of hippuric acid in the blood and liver of 
nephrectomized dogs following an injection of sodium benzoate and 
glycocol These experiments seemed to break down the demarcation 
between herbiverous and carniverous ammals which Friedmann and 
Tachau’s studies suggested, and to reinforce the hypothesis that 
hippuric acid synthesis is a generalized function of the organism It 
must not be overlooked, however, that the living organism possesses 
great compensatory ability Kingsbury and Bell’s expenments on dogs 
with both kidneys removed really prove nothing beyond the fact that in 
a nephrectomized animal the liver may assume vicariously the function 
of hippuric acid synthesis It does not prove that in the intact animal, 
even when the kidney is diseased, the same thing happens Lackner, 
Levinson and Morse,^^ following Kingsbury’s lead, studied the effect 
of liver injury on the hippuric acid synthesis in two dogs The liver 
was injured by poisoning with hydrazine sulphate injected subcutane- 
ously This caused fatty degeneration of the liver but had no effect on 
the kidneys A perusal of their data fails to convey clearly the idea 
of a marked participation of the liver in the hippuric acid synthesis 
On the contrary, the extensive liver injury which they produced may 
be responsible for the failure m some preliminary steps in this process 
involving the formation of glycocol, a step in which the liver doubtless 
plays a leading role At any rate, the ammo-acid elimination aftei the 
hydrazine injection does decrease, as is shown by their own studies 
Furthermore, we do not know how much of the benzoic acid admin- 
istered left the organism without being conjugated with glycocol 

Lewis and Karr have shown that hippuric acid synthesis is associ- 
ated with a marked diminution in uric acid excretion While the exact 
relationship between the two phenomena is not clearly understood, the 

13 Kingsbury, F B . and Bell, E T The Synthesis of Hippuric Acid in 
Nephrectomi7ed Dogs, J Biol Chem 21 297, 1915 

14 Lackner, E , Levinson, A , and Morse, W The Role of the Liver in 
Hippuric Acid Synthesis, Biochem J 12 184, 1918 

15 Lewis, H B , and Karr, W G The Synthesis of Hippuric Acid in the 
Animal Organism III The Excretion of Uric Acid in Man After Ingestion 
of Sodium Benzoate, J Biol Chem 25 13, 1916 
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observation is nevertheless very important as it indicates that corrolary 
phenomena in the livei and kidney occur duiing the synthesis 

The recent extensive investigation of Delprat and Whipple/® who 
produced vaiying degiees of liver injury m dogs by the use of chloro- 
form, beai out this point of view These investigators found no change 
in the hippuiic acid synthesis, except when the injury to the liver was 
vei7 se^eie On the other hand, Kingsbury and Bell’s^' investigation 
on rabbits which were made nephritic by injecting racemic tartaiic acid 
re\ealed a consideiable reduction in the per cent of synthesized hip- 
puric acid besides the great inciease in the free benzoic acid excretion 
following the injury 

Consideiing all the evidence, the conclusion cannot be escaped that 
the kidne} is piobabl} the place of hippuric acid synthesis This does 
not exclude the possibility that under exceptional and wholly unnatural 
circumstances the liver, oi some other organ, may not vicariously 
assume this function as well Those, however, who are inclined more 
favorabh to the Itypothesis that the hippuric acid synthesis is normally 
a geneiahzed function must still produce acceptable evidence foi 
their Men 

Kingsbury and Swanson,^® in their recent study of the synthesis 
and elimination of hippunc acid, came to the conclusion that “in 
nephritis hippuiic acid is synthesized completely, and as far as can be 
learned, at practically the same rate as in normal individuals ” We 
haA^e no criticism to offer of their experiments, except to point out that 
in our opinion then assumption that the free benzoic acid output is 
negligible is not entirely warranted Inasmuch as they omitted the 
free benzoic acid from their determinations, this conclusion could more 
properly be interpreted as referring to the total benzoic excretion rather 
than to the hippuric acid synthesis The results of our experiments 
with nephritic and cardiorenal patients, which we present in this paper, 
do not bear out their conclusion, as wull be seen subsequently 


METHODS or ANALVTICAL AND EXPERIMENTAL PROCEDURE 
The hippuric acid output in the urine was determined according to 
the method recommended by Kingsbury and Sw'^anson The hippuric 
acid of couise, is foimed through the conjugation of benzoic with 


16 Delprat, G D , and Whipple, G H Liver Function Benzoate Admin- 
istration and Hippuric Acid SA'nthesis, J Biol Chem 49 “^29, 

17 Kingsbury, F B, and Bell, E T The Synthesis of HiPPunc Acid in 
Experimental Nephritis in the Rabbit, J Biol Chem 20 76 , 

18 Kingsbury, F B , and Swanson. W W The Synthesis and Elimination 
of Hippuric Acid in Nephritis A New Renal Function Test, Arch Int Med 

i?^KinSury,^^ B , and Swanson, W W A 
mination of Hippuric Acid in Urine, J Biol Chem 4o 6, 
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ammo-acetic acid (glycocol), and the estimation of the hippuric acid 
depends on reactions involving, first, the breaking up of this combi- 
nation and, second, measuring the amount of benzoic acid thus set free 
The benzoic acid is then extracted with chloroform and titrated against 
a standard solution of sodium alcoholate Inasmuch as benzoic acid 
which may already have been present m the urine, before the hydrolysis 
of hippuric, would likewise be extracted in the process, it is obvious 
that a correction must be made for the free benzoic acid or its salts 
appearing in the urine Under some conditions the correction may be 
entirely negligible having no effect on the calculation of the amount of 
hippuric acid Then, again, as in our experience at any rate, this correc- 
tion may assume considerable importance Therefore, in all our analyses 
we made separate determinations of the free benzoic acid even when we 
had reason to expect that this would be a neglible quantity Our 
determinations were invariably on duplicate samples for both the total 
benzoic and the free benzoic acid m the urine 

The pathologic urines with which we worked all contained albumen 
in greater or smaller amounts, and it was necessary as a first step in 
the analysis to free the urines from this, as otherwise entirely 
erroneous results might have been obtained For the purpose of 
deproteinizing, sodium hydroxid was added until the strongly acid urine 
reacted just faintly acid to litmus Then 0 5 gm tannic acid was added 
to every 100 c c of urine A floculent precipitate was formed in the 
presence of albumen which was filtered off after allowing the mixture 
to stand for a few minutes Control experiments with normal urines 
of which one portion was treated in a similar manner u ith the tannic 
acid while the other was analyzed without such preliminary treatment, 
showed that this deproteinizing treatment had no effect on the results 
of the benzoic acid determination The precipitate was filtered off 
and the filtrates were tested to ascertain that the deproteinization was 
complete 

Of the deproteinized urines 100 cc samples were immediately 
measured out into separatory funnels and saturated with ammonium 
sulphate The mixture was then strongly acidified by the addition of 
1 c c of concentrated nitric acid and extracted with four portions of 
washed freshly distilled chloroform (50, 35, 25 and 25 cc, respec- 
tively) Raiziss and Dubin recommend the use of toluol for this 
extraction, but Delprat and Whipple^® have found that chloroform 
can be used with as good results The formation of emulsions, which 
seems to be the chief reason for employing toluol instead of chloro- 
form, did not cause us any trouble in the analyses, except in one 
instance, when the determination was lost on that account 

20 Raiziss, G W , and Dubm, H On the Estimation of Benzoic Acid in the 
Urine, J Biol Chem 20 125, 1915 
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For determining the total benzoic acid, 50 c c portions of urine were 
usually taken unless much benzoic was expected, in which case 25 c c 
(diluted with water to 50 cc ) was taken instead The unne, mixed 
with 7 5 gill sodium hydroxid and 0 5 gm magnesium oxid was boiled 
down 111 a Kjeldahl flask to half this volume One cc of saturated 
potassium peimanganate was added and the contents of the flask well 
mixed by twirling After cooling, the flasks were clamped m an upright 
position A Hopkins condenser was inserted in the neck, through 
ivhicli a rapid stream of ivater has been kept flowing Thirty c c of 
nitric acid was then poured cautiously into the flask and the contents 
digested for forty-flve minutes over a gentle flame The mixture 
became a clear, sparkling, yellow liquid which after cooling was trans- 
ferred to a separatory funnel, saturated with ammonium sulphate and 
extracted vnth four portions of chloioform (50, 35, 25 and 25 cc, 
lespectively), as m the case of the free benzoic acid determination 
The combined chloroform extracts were now washed m a clean 
separatory funnel with Fohn and Flander’s acidulated sodium chlorid 
solution (saturated) and tlie chloroform drawn off through a filter into 
a clean Erlemneyer flask The combined and thoroughly washed 
extracts were now titrated with tenth normal sodium alcoholate, using 
phenolphthalem as an indicator 

The chloroform employed m our analyses was invariably purified 
before being used For this purpose it was first washed with water 
and distilled, then washed again with saturated salt solution and redis- 
tilled From time to time we checked up the quality of our chloroform 
by titrating an amount equivalent to that used for the extraction, but 
the addition of a single drop of the sodium alcoholate was sufficient 
to impart to the chloroform a deep red color 

The sodium alcoholate was prepared by weighing out the theoretic 
amount of metallic sodium and dissolving in absolute alcohol This we 
prepared from purchased absolute alcohol, by boiling under a reflux 
condenser with calcium oxid and then redistilling it The strength of 
the standard alcoholate was set by titrating measured quantities of an 
exact tenth normal benzoic acid prepared in toluol 

A word with regard to the procedure followed in the extraction with 
chloroform may not be amiss The liquid to be extracted was shaken 
with the chloroform three times m succession, for periods of one 
minute, the two liquids being allowed to separate between successive 
shakings We earned out determinations with known amounts of 
benzoic acid and satisfied ourselves that we recovered by this procedure 
the entire amount To insure complete uniformity in the analyses the 
above routine was strictly adhered to m all determinations 
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It IS also, pel haps, well to mention that we made blank and check 
deteiminations to be sure that the analytic process as carried out by 
us was reliable m its results 

The patients on whom the hippunc synthesis test was performed 
were given a diet poor in benzoic acid, no fruit and only very little 
vegetables being allowed They were also given no medication, not 
even alkali, during the entire period of the test In later experiments, 
in order to limit the benzoic acid elimination as much as possible, a diet 
consisting exclusively of milk and toast was prescribed, starting at 
least one day before the lest In the earlier experiments we collected 
three twenty-four hour urines one, as a preliminary urine, to find out 
the benzoic and hippunc acid output of the patient , the second urine 
(from twenty-four to forty-eight hours) followed the administration 
of a definite quantity either of sodium benzoate or benzoic acid , and 
a third urine (from forty-eight to seventy-two hours), to note the 
after-effect The drug, either as benzoic acid or as the sodium salt, 
was administered exactly at the moment when the second urine sample 
was started Inasmuch as the third urine proved of no particular 
importance in the test of the hippunc acid synthesis, it was omitted 
altogether in later experiments Fuithermore, to still further shorten 
the period covered by the test, a pi eliminary urine sample was taken for 
SIX hours (usually from 6am till noon) The patient received 
the substance at 12 noon, when the second urine sample was opened 
It was closed at 6 p m giving a six hour urine following the benzoic 
acid ingestion A third sample was then collected from 6pm until 
noon the next day The two last urines, therefore, gave the total 
benzoic and hippunc acid output for twenty-four hours after a known 
amount of benzoic acid was administered 

The urines were preserved with thymol and kept in a cool place 
As soon as a sample was closed it was analyzed To find out whether 
any hydrolysis of hippunc acid occurred spontaneously during the 
interval of time elapsing between the opening of the urine sample and 
the actual analysis, we examined aliquot portions of urine preserved 
in the usual manner immediately after being voided and at various 
times subsequently ]ust as happened with our experimental urines 
The same quantity of the urine was analyzed for free benzoic acid, 
and the same routine procedure was followed but we failed to find any 
change in the titration values within the limits of time occupied by 
our expenments It is well to remember that the urines were always 
strongly acid We are satisfied, therefore, that the changes in free 
benzoic acid elimination which we observed under the circumstances 
of our tests were not due to the setting free of benzoic acid from its 
combination with glycocol (i e , the decomposition of hippunc acid) 
but must be regarded as being actually excreted by the kidneys 
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DISCUSSION OP CASES 

Befoie discussing the h.ppmic acid synthesis and the excretion of 
benzoic acid m a number of hospital patients, it is well to detail our 
findings with noimal persons We shall, therefore, report a few tests 
perfoimed on peifectly healthy subjects 

In the accompanying graphs free benzoic acid is represented by the 
unshaded poition The cioss striated blocks lepiesent the total benzoic 
acid while the longitudinally striated ones lepresent the hippuiic acid 

The allows point to the theoretical level of hippuiic and benzoic acid 
excietions 



Case 1 — H M J A twcnty-foui hour urine sample was collected before 
the subject took 2 4 gm sodium benzoate dissolved in water This preliminarv 
urine contained 0 409 gin of total benzoic acid Inasmuch as 0117 gm was in 
free condition, the remaining benzoic acid was bound to form 0 428 gm hippuric 
acid The twenty-four hour urine following the ingestion of 2 4 gm sodium 
benzoate (=2 033 gm benzoic acid) contained 2 556 gm benzoic acid The 
fiee benzoic acid was practically unchanged (0122 gm ) and the hippuric acid 
output was 3 572 gm When the correction foi the hippuric and benzoic acid 
content of the daily urine is made, the subject eliminated 5 per cent more than 
the theoretically expected amount of both During the third twenty-four hour 
period the urine contained 0667 gm benzoic acid The benzoic acid in free 
condition was still practically the same as on the previous two days (0 111 gm ), 
and the hippuric acid output was 0 815 gm 

Case 2— S M The pieliminary twenty- four hour urine of this subject 
contained 1 036 gm benzoic acid and of this amount 0 173 gm was not con- 
jugated, the hippuric acid output being thus 1267 gm The subject took 2 4 gm 
sodium benzoate in watci and m the next twenty-foui hours the benzoic acid 
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content of the urine reached 3 202 gm The free benzoic acid increased to 
0 307 gm, the remainder being conjugated in the form of 4 248 gm hippunc 
acid The urine collected for the third twenty-four hour period contained 
1 172 gm benzoic acid The free benzoic acid elimination diminished again 
to 0261 gm leaving the remainder conjugated in 1336 gm of hippunc acid 
Making the proper corrections, the subject synthesized 100 per cent of the 
theoretically expected amount of hippunc acid The benzoic acid excretion 
during this twenty-four hour period following the benzoic administration was 
actually 4 per cent over and above the theoretic amount, the excess being in the 
form of free benzoic acid 

In either case with the normal subject, the benzoate ingestion not 
only resulted in a complete synthesis of benzoic to hippunc acid but 
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Fig 2 — Case 2 

the kidney was apparently stimulated to greater activity This stimula- 
tion of the kidney is seen not only in the excess over the theoretic 
amount which was recovered from the urines passed within twenty- 
four hours after the benzoate administration but also in an increased 
hippunc acid output forty-eight hours later This last fact gams 
significance by contrast with what is usually found under pathologic con- 
ditions, as will be pointed out subsequently 

1 

Case 3 — S M Tests were also made in which benzoic acid was given m 
place of the sodium benzoate The results are not essentially different from 
those presented in the above experiments but we shall report one example The 
subject was on a diet poor in benzoic acid (fruit and vegetable free) The 
preliminary urine for six hours contained 0 299 gm benzoic acid and 0 425 gm 
hippunc, the free benzoic acid being practically negligible (0 009 gm ) Two 
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grams benzoic acid was then taken m gelatin capsules and the urine analyzed 
every three hours during the day In the first three hours 82 per cent of the 
theoretic amount of hippunc acid appeared in the urine By the end of six 
hours virtually 98 per cent of the benzoic acid was already eliminated and 
96 per cent of the expected synthesis in the hippunc acid occurred 

his coiicsponds to Lewis finding's where, with much larger doses 
(fioni 6 to 10 gill ) of sodium benzoate, about 90 per cent was recovered 
in the form of hippunc acid m the five or six hour urine"’- In 
the eighteen hours completing the twenty-four hours’ sample, little 
fuitliei change took place, but the total benzoic acid recovered within 
the twenty-four hours was 99 per cent of the theoretical 



We will now consider the hippunc acid synthesis and benzoic acid 
excretion in a number of pathologic cases 

Cash 4 — L E P , female, aged 37, came to one of us (GPP) for advice 
Sept 30, 1921 

HjslojySix weeks ago she first noticed some puffiness about the eyes and 
hands In the morning the swelling became more marked Her legs arc no-w 
swollen She feels tired and has an occasional headache She passes a small 
amount of urine No nocturia is present 

Past Illness —Influenza in 1918, when she remained m bed four weeks She 
was m a hospital two weeks m 1919 for “stomach trouble In May, , s e 
had tonsillitis with a complicating peritonsillar abscess Measles, pertussis, and 
diphtheria during childhood 


21 Lewis, H B The Synthesis and Rate of Elimination of Hippunc Acid 
After Benzoate Ingestion in Man, J Biol Chem 18 225, 191 
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Physical £rai;n«af ion— Temperature, 986 F , pulse, 70, respiration, 20 The 
leffs are edematous and there is puffiness about the eyes in the morning Eye- 
grounds negative, pupils equal and active, tonsils hypertrophied, many fiUed 
teeth roentgenogram of teeth revealed fourteen pen-apical abscesses The 
lungs are quite normal The heart sounds are normal The heart is norrnal in 
size and the rhythm is regular The blood vessels are not thickened Blood 
pressure, 135/80 The abdomen is negative The reflexes are normal 

Laho)atoiy Exaimnahon —Blood Wassermann test negative Red blood 

cells 4210 000, white blood cells, 6900 hemoglobin, 80 per cent . 100 cc of 
blood contained 91 mg sugar, 48 mg nonprotein nitrogen and 1 8 mg uric acid 
Urine Acid, cloudy, specific gravity, 1024, albumin, four plus, no sugar 
Microscopic examination granular and hyaline casts, white blood cells and an 
occasional red blood cell 

Subacute diffuse nephritis 

Tests of Kidney Function Phenolsulphonephthalein output in two hours 
and ten minutes, 45 per cent 
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Fig 4 — Case 4 

Hippunc Acid Test The preliminary twenty-four hour urine contained 
0 604 gm benzoic acid of which 0 080 gm was free and the remainder con- 
jugated in the form of 0758 gm hippunc acid The patient received 2 4 gm 
sodium benzoate and following the administration another twenty-four hour 
urine was collected This urine contained 2 022 gm benzoic acid of which 
0 120 gm was free The remaining portion was conjugated to form 2 822 gm 
hippunc acid Since the theoretically expected amount of total benzoic acid 
was 2 634 gm only 77 per cent was recovered Of the expected 3 736 gm 
hippunc acid only 76 per cent was synthesized in twenty-four hours A third 
twenty-four hour sample contained 0428 gm total benzoic acid with 0054 gm 
in the free state It contained, therefore 0 548 gm hippunc acid 

Case 5 — S S, female, aged 36, admitted to the University Hospital Feb 
9, 1922 

Histoiy — She noticed about a year ago that it was hard to see with the left 
eye The dimness of vision increased until two weeks ago a similar process 
attacked her right eye She suffers shortness of breath on exertion The urine 
IS abundant with nocturia two or three times 
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Past Illness -For several months in 1906 she suffered from swollen ankles 
dnidhood ^ diphthena during 

Physical Exanwiatton-Tomv^ 99 F, pulse, 80, respiration, 20 
Patient IS ra her heavy with slight edema of the ankles She has “albuminuric 
retinitis in both eyes more marked on the left side, pupils equal and actne, 
tonsils congested and hypertrophied, pyorrhea, pus can be expressed from lower 
incisors and there are four teeth with large cavities The lungs arc quite 
normal, die heart is moderately enlarged and the aortic second is accentuated 
The blood vessels are somewhat thickened Blood pressure 220/170 I he liver 
can be felt one finger breadth below the costal margin The reflexes are normal 

Lahotatory Evamviation — Blood Wassermann test negative Red blood 
cells, 4.147,000 white blood cells 8.400, hemoglobin, 85 per cent . 100 cc of 
blood contained 120 mg sugar, 65 mg nonprotein nitrogen, and 4 5 mg ui ic acid 

Urine Acid, specific gravity, 1 010, albumin, three plus, no sugar Micio- 
scopic examination hyaline casts 



Fig 5 — Case 5 


Diagnosis — Cardiovascular renal disease 

Tests of Kidney Function Phenolsulphonephthalein output in two hours 
ten minutes, 15 per cent 

Hippunc Acid Test The preliminary urine sample for twenty-four hours 
contained a total of 0 848 gm benzoic acid of which 0058 gni were in free 
condition , the hippunc acid content was, tfterefore, 1 159 gm The patient 
received 2 4 gm sodium benzoate and a twenty-four hour urine following the 
ingestion contained a total of 2 046 gm benzoic acid with 0 082 gm of the free 
acid, the remaining fraction conjugated to form 2 881 gm hippunc acid Com- 
paring these quantities with those theoretically expected, only 59 per cent of 
the total benzoic and 58 per cent of the hippunc acid were recovered in the 
twenty-four hours During the third twenty-four hour period the patient 
eliminated a total of 0 545 gm benzoic acid The free benzoic acid had 
diminished to 0038 gm , the rest being conjugated to form 0 744 gm o 
hippunc acid 
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Case 6— F K K, male, aged S3, admitted to the University Hospital Feb 
22 1922 

Histojy Patient returns to hospital on account of edema affecting the lower 

extremities, which is worse m the evening Dyspnea and precordial pain He 
was admitted to the hospital June 9, 1921, for six weeks and again Sept 6 
1921, for three months, both tunes for cardiac decompensation 

Past Illness— At 18 he had acute articular rhemnatism, denies having had 


any other diseases 

Physical Examination —The patient is poorly nourished and not well devel- 
oped Eyegrounds small retinal hemorrhages in both eyes, pupils equal and 
active, tonsils small, teeth in good condition The lungs show evidence of 
congestion at both bases The heart is maikedly enlarged, the rhythm is irregu- 
lar and there is a systolic murmur at the apex The blood vessels are sclerotic 
Blood pressure, 205/125 The liver is enlarger two fingers breadth below the 
costal margin There is edema about the ankles extending to the knees 

Laboiatory Examination — Blood Wassermann test, negative Red 
cells, 4,000,000, white blood cells, 7,200, hemoglobin, 80 per cent , 100 cc blood 
contained 100 mg sugar, 61 mg nonprotein nitrogen and 4 5 mg unc acid 



0 72 Hours 

Fig 6 — Case 6, first test 

Urine Acid , specific gravity, 1 015 , albumin, one plus , no sugar Micro- 
scopic examination hyaline and granular casts 

Diagnosis — Cardiovascular renal disease 

Tests of Kidney Function Phenolsulphonephthalein output in two hours 
ten minutes, 40 per cent 

Hippunc Acid Test This has been repeated three times foi this patient 
First test, March 15 to 18 The preliminary twenty-four hour urine contained 
0 322 gm benzoic acid, of which 0 059 gm was free The hippunc acid was, 
therefore, 0 387 gm The patient was given 2 4 gm sodium benzoate, and 
a second twenty-four hour urine was collected This contained 2 115 gm 
benzoic acid with 0 176 gm as free benzoic The hippunc acid was thus 2 845 
gm Only 88 per cent of the theoreticall}' expected total benzoic acid and 83 
per cent of the hippunc acid was recovered In the next twenty -four hours 
the urine contained 0273 gm of total benzoic acid, and as there was present 
0 027 gm of the free acid, 0 362 gm were eliminated in the form of hippunc 
acid 
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Second test, ]\Iarch 21-23 The test was performed as before except that 
2 sm benzoic acid put up in gelatin capsules was administered instead of 
sodium benzoate The preliminary twenty-four hour unne is very similar to 
that of the first test It contained 0287 gm benzoic acid with 0031 gm in the 
free state and the rest conjugated to form 0 376 gm hippuric acid In the 
twenty-four hours following the ingestion of the benzoic acid 1 830 gm of 
total benzoic acid was excreted Of this 0332 gm was free acid and the rest 
was conjugated in 2 197 gm hippuric acid This time we recovered, therefore 
only 77 per cent of the benzoic acid and 62 per cent of the theoretically 
expected hippuric acid During the third twenty-four hour period the total 
benzoic acid in the urine was 0 381 gm and the free benzoic acid returned to 
the level of the preliminary urine (0052 gm ) The hippuric acid was 0483 gm 
Third Test About a month later we applied the test once more in a some- 
what modified form The patient’s diet was limited to milk and toast Unfor- 
tunately, the patient was unwilling to cooperate and could not be persuaded 



to take enough liquid, either milk or water In consequence, his urinary output 
diminished very considerably Although we do not attach much significance to 
this test, we are recording it because of the geneial interest it has with regard 
to the question of hippuric acid synthesis 

After the patient had been on milk and toast for one daj, a six hour urine 
sample was collected and 2 gm benzoic acid in capsules was given to the patient 
There was only 40 cc of the preliminary urine and this contained OOal gm 
benzoic acid or 0 076 gm hippuric acid A second six hour urine sample was 
obtained aftei the patient had taken 2 gin benzoic acid This second samp e 
(65 cc) contained 0 357 gm of total benzoic acid As there was 00 9 gm o 
free acid, he eliminated 0 478 gm hippuric acid We find, therefore, 

SIX hours the patient exci etcd only 15 and 14 per cent , respective y, o le 
theoretically expected benzoic and hippuric acid A third urine ( cc) was 

collected for eighteen hours (completing the twenty-four hour samp e 
mg the benzoic acid ingestion) and this contained 0 939 gm benzoic aci ince 
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0 067 gm was free benzoic the rest made up 1 280 gm hippunc acid The total 
elimination for the twenty-four hour period was, therefore, 55 per cent of the 
benzoic acid administered and 50 per cent of the expected hippunc synthesis 

The much reduced output of both hippunc and benzoic acid noted 
m this last test we ascribe to the fact that the patient’s urinary secretion 
during this period was very scanty In fact, when the results of the 
three tests performed for this patient are compared, it is obvious that 
the hippunc acid synthesis follows closely the total uiinary excretion 
It would be difficult to understand these coincident changes in kidney 
activity if the hippunc acid synthesis was not a kidney function The 
third test also emphasizes the necessity of providing an ample amount 
of fluid in order that the urine output should be sufficient and the 
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hippunc acid synthesis should not be interfered with on that account 
It must further be pointed out that in patients whose urine output is 
naturally limited the test may lead to erroneous conclusions 

Case 7 — H R , male, aged 20, admitted to University Hospital, Jan 19, 1922 
Histoi y — One month ago patient developed a general anasarca The swelling 
especially m the mornings, was most marked in the legs and face Complains 
of shortness of breath There is nocturia from three to four times 

Past Illness — The patient was in the hospital two and one-half years ago 
for acute nephritis following tonsillitis He remained in the hospital for a while 
and has been up and about since, working most of the time, until the present 
illness He has had mumps, measles and frequent attacks of tonsillitis 

Physical Evaminahon — Patient presents the characteristic pasty appearance 
Eyegrounds negative, pupils equal and active, tonsils have been removed, pd- 
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lars are congested, teeth are in good condition The kings are negative The 
heart is slightly enlarged, with an accentuated second aortic sound Blood 
pressure, 180/110 The abdomen is negative The reflexes arc sluggish Edema 
about the ankles 

Lahoiatoiy Examination — Blood Wassermann test negative Red blood 
cells, 3,136,000, white blood cells. 14,400, hemoglobin, 60 per cent . 100 cc of 
blood contained 98 mg sugar, 117 mg nonprotcin nitrogen, and 6 5 mg uric acid 
Urine Alkaline, - specific gravity, 1013, albumin four plus, no sugar 
Microscopic Examination Numerous gianiilai casts, red cells 
Diagnosis — Chionic diffused nephiitis 

Tests of Kidney Function Phenolsulphonephthalcin output m two boms 
and ten minutes, 10 per cent 

Hippuric Acid Test The prcliminaiy twenty-foui houi urine eon- 
tained 0 448 gm of total ben/oic acid As theie was 0 089 gin of 
free benzoic acid the remainder was bound in 0 527 gm hippuric acid Follow- 
ing the intake of 2, 4 gm sodium benzoate, the twenty-four hour uiine con- 
tained 1 879 gm benzoic acid tvith 0 165 gin in the form of acid The hippuric 
acid output was, therefoie, 2 515 gm Introducing the necessary corrections. 



Fig 9 — Case 7, second test 

we find that in the twenty-four hours 76 per cent of the benzoic acid and 
72 per cent of the theoietically expected hippuiic acid ^vas recovered In the 
next period of twenty-four houis the patient eliminated 0 634 gm benzoic acid 
The free benzoic acid in the urine showed a furthei increase to 0 333 gm The 
hippuric acid output during the third twentv-four hour period was, therelore, 
0441 gm At a later time we repeated the lest, administeiing 12 gm soduiin 
benzoate on two consecutive days instead of the single dose of 2 4 gm The 
results of this test (Fig 9) are essentially the same as that of the pitvious test 

Cask 8— C W, male, aged 72, was admitted to Univcisitv Hospital klareh 
21, 1922 

Ih^toiy— Patient has had piecoidial pain and shortness of breath at mtci- 
vals for several years In the past five months di/ziness has become tiouble- 
some There has been nocturia for three j'eais 

22 During the hippuric acid tests alkahnization of the patient was discon- 
tinued and the urines were invaiiably stiongly acid 
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Past Illness — Pneumonia in adult life 

Physical Exaimnakon — Patient is well nourished Ejegrounds are negative, 
pupils equal and active, tonsils negative, teeth all extracted Lungs show evi- 
dences of slight congestion at the bases The heart is slightly enlarged, sounds 
distinct, no murmurs Blood pressure, 170/8S Abdomen is negative Extremi- 
ties normal 

Laboratory EAummafion — Blood Wassermann test negative Red blood 
cells, 5,280,000, white blood cells, 6,600, hemoglobin, 75 per cent , 100 cc blood 
contained 110 mg sugar, 48 mg nonprotem nitrogen 

Urine Acid, specific gravity, 1020, albumin, one plus, no sugar Micro- 
scopic examination hyaline casts 

Diagnosis — Cardiovascular renal disease 

Tests of Kidney Function Phenolsulphonephthalein output m two hours and 
ten minutes, 50 per cent 



Fig 10 — Case 8, first test 


Hippunc Acid Test The test has been repeated several times with this 
patient First Test The preliminary twenty-four hour urine sample contained 
0 311 gm benzoic acid, with 0098 gm in a free state The remainder formed 
0 313 gm of hippunc acid Following the ingestion of 2 4 gm of sodium ben- 
zoate, the twenty-four hour urine contained 1 6t>5 gm benzoic with 0 375 gm 
as free acid The hippunc acid output corresponding to the remainder of the 
benzoic acid was 1 892 gm When the proper correction for the normal elimina- 
tion is made, 67 per cent of the ingested benzoic acid was recovered m the 
twenty-four hours and 53 per cent of the theoretic amount of hippunc acid 
The third twenty-four hour urine is much lower in benzoic acid content than 
the preliminary — only 0290 gm of total benzoic acid being present The hippunc 
acid excretion was 0200 gm 

Second Test This test was applied five days later, the only modification 
being that 2 gm benzoic acid in gelatin capsules was administered this time 
The preliminary twenty-four hour urine contained 0 544 gm of total benzoic 
acid The free benzoic acid in the urine was still high, 0 171 gm , so that 
0 547 gm of hippunc acid was eliminated m the twenty-four hours Follow- 
ing the ingestion of the 2 gm of the benzoic acid, the twenty-four hour urine 
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contained 2272 gm benzoic acid As was also the case in the first test the 
free benzoic acid increased to 0 325 gm The patient excreted, therefore 
2857 gm hippunc acid Making the necessary corrections, we find that this 
time we recovered 87 per cent of the benzoic acid and 79 per cent of the 
hippunc acid theoretically expected In the subsequent twenty-four hours there 
was only 0420 gm total benzoic acid The free benzoic acid determination was 
lost and the hippunc acid output could not, therefore, be calculated accurateh 
but It IS evident that it was appreciably lower than in the preliminary twenty- 
four hours 


Third Test In view of the fact that this patient showed persistently a 
relatively high free benzoic acid excretion, we put him exclusively on a rnilk 
and toast diet A six hour preliminary urine sample was obtained in which 
the free benzoic acid was reduced to a practically negligible level The total 



Fig 11 — Case 8, third test 


benzoic acid for these six hours was 0 088 gm and the hippunc acid was 0116 
gm The patient was given 2 gm benzoic acid in capsules The urine for the 
next SIX hours contained 1 757 gm total benzoic acid and the free benzoic acid 
increased to 0224 gm The hippunc acid output was 2 248 gm In six hours 
following the ingestion of benzoic acid, 84 per cent was recovered in the urine, 
of which 73 per cent was in the form of hippunc acid The urine for the 
next eighteen hours contained 0 281 gm benzoic acid (with 0 085 gm in the 
free state) and 0288 gm hippunc acid When the total elimination for twenty- 
four hours following the benzoic acid administration is considered, we find 
that during the entire period 84 per cent of benzoic and 71 per cent of hippunc 
acid have been recovered In other words, there has been practically no change 
from what had happened in the first six hours 

Case 9 — A W , male, aged 32, was admitted to the University Hospital 
March 6, 1922 

Histoiy — Three years ago patient was refused life insurance cn account of 
kidney trouble, albumin in the urine, and high blood pressure 

Past Illness — Measles and chickenpox during childhood and influenza in 1918 
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Physical Examination — Patient is well nourished and well developed Eye- 
grounds are negative, pupils equal and accurate, tonsils buried, teeth are in 
good condition Lungs are negative The heart very slightly enlarged Blood 
pressure, 175/110 Abdomen negative Reflexes active 

Laboiatoiy Eravnnahon — Blood Wassermann negative Red blood cells, 
3,900,000, white blood cells, 6,200, hemoglobin, 74 per cent , 100 cc contained 
98 mg sugar, 74 mg nonprotein nitrogen, 5 4 mg uric acid 

Urine Acid, specific gravity, 1013, albumin, two plus, no sugar Micro- 
scopic examination hyaline and granular casts 
Diagnosis — Chronic difiFuse nephritis 

Tests of Kidney Function Phenolsulphoncphthalem output in two hours 
and ten minutes IS per cent 

Hippuric Acid Test A pieliminary twenty-four hour urine was collected 
to determine the base line for the benzoic and hippuric acid excretion The total 
benzoic acid output was found to be 0 471 gm Since the free benzoic acid 



Fig 12 — Case 9 


was 0 081 gm there was 0 572 gm of hippuric acid The patient received 
2 4 gm sodium benzoate and a twenty-four hour urine was again collected 
The total benzoic acid output rose to 2 428 gm and of this amount 0 534 gm 
was in the form of free benzoic acid The hippuric acid output was, there- 
fore, 2 778 gm Correcting for the normal excretion, 96 per cent of the ingested 
benzoic acid was recovered in twenty-four hours Owing to the fact that a 
large amount of the benzoic acid was unconjugated, only 74 per cent of the 
theoretically expected hippuric acid was synthesized and excreted The third 
twenty-four hour urine presented considerable interest The total benzoic acid 
output was relatively high (0 719 gm ) and the free benzoic acid still remained 
at a very high level (0 467 gm ) so that only 0 459 gm of hippuric acid were 
eliminated 


23 A blood analysis made two and a half months later gave the following 
results 150 mg sugar, 90 mg nonprotein nitrogen, 31 mg uric acid, and 36 
mg creatmin 
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When the benzoic and hippuric acid output for the three consecutive 
days occupied by the test are summed up, we note that 3 618 gin 
benzoic acid were recoveied Making the necessaiy coirections on the 
basis of tlie data for the premihnary period and also foi the amount 
administered in the foim of 2 4 gm sodium benzoate, we find a small 
excess of benzoic acid (0 175 gm above the theoretically expected 
amount) When we calculate in a similar mannei the hippuric acid, 
we find that only 83 pei cent of the expected synthesis has taken 
place These results are significant, especially as we are dealing in 
this case wth a true nephiosis The kidney of the nephiitic patient is 
evidently quite capable of excieting benzoic acid and the full amount 
that could be expected passed thiough the urine The mattei is entiiely 
difterent when we consider the kidney’s synthetic ability, and even foity- 



eight hours aftei the administiation of sodium benzoate only 83 per cent 
of the possible synthesis was accomplished It is evident, therefoie, that 
the excretion of benzoic acid b}' the kidney and its synthesis to hippuiic 
acid are either distinct functions or are carried out by difierent 
structural parts of the kidney We shall see other instances in ^dllch, 
unlike the ones discussed pieviously, a high degree of excretory powei 
goes hand in hand with a relatively low grade of synthetic powei If 
the synthesis of hippunc acid occuried anywhere else in the body 
outside the kidney, these results would lie difficult to interpret, as there 
is no evidence of a lesion anywhere except in the kidney 


Case 10-J F L, male, aged 62, was admitted to the University Hospital 

April 12, 1922 i i 

Hutoiy— For more than ten years the patient 
breath on exertion, frequency of urination, with noc u 
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had severe asthmatic attacks Three weeks before admission he was seen by 
us and at that time there was a general anasarca, especially marked m the 
abdominal vaults and scrotum 

Past Illness — Measles, mumps and pertussis during childhood He had 
malaria m 1885 and again m 1908 

Physical Eranwiafion — Patient is fairly well developed and well nourished 
Eyegrounds are negative, pupils equal and active, tonsils normal, teeth in 
poor condition Emphysematous type of chest, hyperresonant throughout, dry 
rales at the end of expiration Heart moderately enlarged, systolic murmur at 
the apex, aortic second accentuated The arteries are somewhat thickened 
Blood pressure, 150/80 Abdomen negative Reflexes active 

Laboiafojy Evamination — Blood Wassermann test negative Red blood 
cells, 2,230,000, white blood cells, 7,000, hemoglobin, 50 per cent , 100 cc of 
blood contained 109 mg sugar, 56 mg nonprotem nitrogen and 4 8 mg' uric acid 
Urine Acid, specific gravity, 1010, albumin, two plus, no sugar Micro- 
scopic examination hyaline and granular casts , many white blood cells and a 
few red blood cells 



Fig 14 — Case 10, second test 

Diagnosis — Cardiovascular renal disease 

Tests of Kidney Function Phenolsulphoncphthalem output m two hours 
ten minutes, 35 per cent 

Hippuric Acid Test First test A preliminary^ twenty'-four hour urine was 
collected It contained 0 837 gm total benzoic acid, with 0 142 gm m the free 
state The hippuric acid was therefore 1 019 gm The patient ingested 2 gm 
benzoic acid put up in gelatin capsules, and a six hour urine sample was taken 
immediately afterward This contained 1 819 gm of total benzoic acid The 
free benzoic acid elimination rose to 0 124 gm m six hours The hippuric 
acid output in the same time was 2 488 gm with proper corrections, therefore, 
81 per cent of the ing^ested benzoic acid was recovered in six hours. 3 -ud 
76 per cent of the theoretically expected hippuric acid synthesis A third 
urine for eighteen hours contained 1015 gm of total benzoic acid, of which 
0143 gm was in an unconjugated state The hippuric acid output was 
1 280 gm For the entire twenty-four hour period following the administration 
of 2 gm of benzoic acid, 100 per cent of the eomplete dose was recovered m 
the urine and 95 per cent of the expected hippuric acid The results of this 
test are, therefore, comparable to those found in Case 10 
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Second Test Owing to the fact that the free benzoic acid ehnimation of 
this patient tended to be rather high on the usual diet, which we gare during 
the test, we repeated the test with the patient on a milk and toast diet Eicn 
then he still eliminated about 120 mg of free benzoic acid in twenty-four hours 
Only after he had been on this diet for five days, did the urine become prac- 
tically free from unconjugated benzoic acid A preliminary urine sample for 
SIX hours contained 0 050 gm of total benzoic acid and the hippunc acid output 
was 0 065 gm The patient was given 2 gm of benzoic acid in capsules and a 
second urine sample for six hours was collected 

This time the urine contained 1 648 gm total benzoic acid The free benzoic 
acid rose markedly from 0 006 gm to 0 130 gm in the six hours The hippunc 
acid output was 2228 gm Introducing the proper corrections, we find that 80 
per cent of the ingested benzoic acid was eliminated m six hours, while 74 per 
cent of the theoretical amount of hippunc acid was synthesized A third urine 
was collected for the next eighteen hours, thus completing the twenty-four 
hour sample This last urine contained 0 371 gm total benzoic acid The free 



0 (, 1Z 30 Hrs 
Fig 15 —Case 11, first test 


benzoic acid diminished greatly and was only 0087 gm The hippunc acid out- 
put was 0 417 gm The total elimination for twenty-four hours included, there- 
fore, 91 per cent of the ingested benzoic acid, and 81 per cent of the expected 
hippunc acid synthesis had taken place It should be noted that about three 
weeks had elapsed between these two tests and that the patient had deve ope 
in the meantime signs of cardiac decompensation 

Case 11— J L P, male, aged 42, was admitted to the University Hospital 
April 20, 1922 

HistoiySix months ago patient first noticed that he was becoming weak 
He has suffered frequent attacks of dizziness, more marked the last six weeks 
There has been an increasing amount of urine, and the nocturia las inci ease 
m the last four months from one to five or six times There has been some 


puffiness about the eyes, but no swelling 

Past Illness —During childhood whooping cough, chickenpox and measles 
Five years ago he had malaria He gives a history of a chancre in 

Physical Examination— h well formed and well nourished young man, some- 
what pale and with some edema about the eyes Eyegroun s *35® U , j 
equal and active, tonsils normal, teeth in poor condition e 
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barely palpable Lungs are negative Heart enlarged, both second sounds 
markedly accentuated Blood pressure, 230/140 Abdomen negative Extremi- 
ties and reflexes normal 

Laboratoiy Examination — Blood Wassermann test, three plus positive 
Red blood cells, 4,350,000, white blood cells, 7,500, hemoglobin, 75 per cent , 
100 cc blood contained 132 mg sugar, 89 mg nonprotein nitrogen, 8 3 mg 
uric acid 

Diagnosis — Chrome diffuse nephritis 

Tests of Kidney Function Phenolsulphonephthalein output in two hours 
and ten minutes, 9 per cent 

Hippuric Acid Test First test This was made soon after patient was 
admitted to the hospital For two days previous to the test he was on a milk 
and toast diet A six hour preliminary urine sample contained 0 146 gm of 
total benzoic acid Unfortunately, the free benzoic acid determination was not 
successful, but it was approximately 0046 gm There was, therefore, 0148 gm 
hippunc acid The patient took 2 gm benzoic acid in capsules In the next 
six hours his urine showed 0 702 gm of benzoic acid (0 037 gm unconjugated) 



and 0976 gm of hippunc acid He, therefore, excreted 33 per cent of the 
administered benzoic acid and synthesized 28 per cent of the theoretical amount 
of hippunc acid In the next eighteen hours, however, his urine contained 
1 815 gm of benzoic acid The amount of unconjugated acid increased to 
0 259 gm The hippunc acid output was 2 282 gm In twenty-four hours fol- 
lowing the benzoic acid ingestion — making proper allowance for the normal 
elimination — the patient excreted 100 per cent , or the full dose of the benzoic 
acid, and 91 per cent of the possible synthesi<; into hippunc acid occurred in 
that time The results with this patient are essentially the same as obtained in 
the previous two cases, except that the rate of excretion was much slower 
Soon after the first test the patient’s condition began to grow worse He 
developed albuminuric retinitis, severe headaches, etc A second test was made 
on him ten days later, four days before he died of uremic coma 

Second Test The preliminary six hour urine contained 0 153 gm benzoic 
acid with 0 050 gm as the unconjugated acid The hippunc acid output was, 
therefore, 0152 gm It is interesting to observe that m spite of the fact that 
the patient had been limited to a diet as nearlv as possible poor in benzoic 
acid, he continued to excrete relatively large amounts of free benzoic acid and 
we never succeeded in his case to lower the free benzoic acid excretion to the 
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point where it would be entirely negligible for the hippuric acid calculation 
After administering 2 gm of benroic acid in gelatin capsules a second si\ bmn 
urine was collected, which contained only 0 615 gm total beiwoic acid The free 
benzoic acid increased to 0 192 gm , i e , almost fourfold over that of the pre- 
liminary period, and the hippunc acid output was 0 620 gm In this test onh 
23 per cent of the total benzoic acid ingested and 16 per cent of the possilifc 
hippunc acid were recovered in sik hours, a considerable reduction since the 
previous test The third urine for the ne\t eighteen hours contained 1 620 gm 
total benzoic acid with a large amount (0 361 gm ) in the unconjugated state, 
so that only 1 847 gm hippunc acid was excreted It is to be noted and will bt 
seen clearly from the charts, that the course of the benzoic and hippunc acid 
excretion is similar in both tests, except that m the second test, made three 
days befoie the onset of uremia, which led to coma, and soon terminated in 
death, only 81 per cent of the administered benzoic acid was recovered in the 
twenty-four hour urine, while of the theoretic amount of hippunc acid onlj 
63 per cent was actually synthesized 

With the onset of the comatose condition, the composition of the blood 
showed unmistakeable evidence of its uremic nature Two samples of blood 
obtained thirty hours before death and soon aftei death occurred (taken 


directly from the heart) had the following composition 



First Blood, 

Second Blood 

100 Cc Blood Contained 

Mg 

Mg 

Sugar 

139 

162 

Nonprotein nitrogen 

223 

253 

Urea 

166 

193 

Uric acid 

113 

156 

Creatinin 

12 6 

13 3 

Creatin 


84 


NCCROPSV REPORT 

Dr J J^y Keegan reports as follows on tlie necropsy 

The necropsy findings were essentially negative except in the kidneys and 
heart The kidneys were slightly smaller than normal The capsule stripped 
easily leaving a finely granular and mottled surface The cortex was distincth 
thinned, measuring less than 5 mm in thickness in most regions There was 
not clear distinction between cortex and medulla The entire cut surface ivas 
mottled with red and gray There was increased resistance to section Micro- 
scopically, the chief lesion appeared in the interstitial tissue and in the blood 
vessels There was a rather patchy increase of dense fibrous interstitial tissue 
without inflammatory cell infiltration, and the arterioles in all regions showed 
a marked thickening of the entire wall, with frequent hyaline degeneration and 
occlusion of the lumen There was no cellular infiltration of the vessel walls 
and no marked hyperplasia of the intima There was a moderate hyperplasia 
of the endothelium of the glomerular capillaries, but no inflammator> cell 
' infiltration Hyaline degeneration was frequent and occasionally there appeared 
ruptured capillaries with hemorrhage into Bowmaw’s capsule and into the 
proximal convoluted tubules Bowman’s capsule was not thickened and the 
glomerular tuft not unduly lobulated The pathology in the kidney is inter- 
preted as chiefly vascular and interstitial rather than inflammatory, glomerular 
or tubular The changes in the entire kidney might be interpreted as primarilj 
vascular, but as in all such cases the value of the deduction ^\ould be 
questionable 

The heart showed a marked hypertrophy of the left ventricle, normal vahes, 
and a few degenerated intimal plaques in the ascending aorta 

Sections of the liver showed nothing abnormal in this organ 
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The results which we discussed in detail in the foregoing pages are 
summarized in the accompanying table 

The study of the hippunc acid synthesis which we carried out with 
several normal and pathologic subjects leads us to the following con- 
siderations In the tests with normal subjects we found that the addi- 
tion of benzoic acid, calling on the kidney for an increased effort, has 
evidently a stimulating action on that organ In our tests we not 
only recovered m twenty-four hours the full amount ingested but an 
appreciable excess, and, furthermore, the hippunc acid elimination, 
even in the next twenty-four hours, exceeded that found during the 
fore-period In the pathologic subjects this is quite different Here the 
ingestion of an extra amount of benzoic acid or its salt led to an 
output of benzoic acid or of its conjugation product — hipurnc acid, 
more or less below the expected quantity Besides, the excretion of 
both total benzoic and hippunc acid for the second twenty-four hour 
period after the ingestion (i e , from twenty-four to forty-eight hours 
later) M^^as less than in the preliminary penod It seems, therefore, 
probable that the pathologic kidney not only fails to accomplish the 
task of synthesis imposed on it, but m the effoit it actually becomes 
paitially exhausted or fatigued 

The elimination of benzoic acid or of its salts from the body follows 
very rapidly Appreciable quantities are excreted within six hours and 
even in the pathological cases the largest amount may pass through the 
kidney m the first few hours It is remarkable that on diets very 
poor m benzoic acid content the hippunc acid output m the urine 
remains relatively high Benzoic acid must be, therefore, continually pro- 
duced in the intestine and absorbed into the circulation Eangsbury 
and Swanson found the daily excretion of about 1 7 gm hippunc 
acid in a normal person on a mixed diet When the diet was changed 
to one consisting of milk, cream, cheese, lock candy, i e , one eminently 
poor in benzoic acid, the hippunc acid output diminished to about 
0 7 gm but the significant thing is that for forty-eight hours after the 
change had been made the hippunc acid excretion still remained quite 
high In at least two of our patients (Cases 10 and 11) with per- 
sistent constipation, we found it lather difficult to reduce the benzoic 
acid output by a restriction to a diet of milk and toast We found it 
necessary to give this diet for forty-eight hours preceding the test, but 
even then the urine m Case 11 with the more pronounced and severe 
intestinal trouble could not be made entirely free from unconjugated 
benzoic acid The experience with our patients has suggested the 
possibility that intestinal putrefaction may in some way be associated 
Mith hippunc acid elimination, and paiticulaily with the free benzoic 
acid in the urine Weyl and Anrep ® noted in febrile animals that the 
proportion of free benzoic acid increases in that condition, and, further- 
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more, that the excess of unconjugated benzoic acid was not due to a 
lack of glycocol as it did not dimmish upon the addition of glycocol to 
the food In all of our patients except one (Case 5) the free benzoic 
acid m the urine following ingestion of benzoic acid or its salt inci eased 
markedly W e believe this to be the reason why Kingsbury and Swan- 
son thought the hippunc acid synthesis to be complete m nephntics, 
because they did not actually determine the free benzoic acid, regarding 
it a negligible quantity and assuming that it will not vary from the 
normal after the absorption of a large dose of the acid or its salt 
Our analyses give no support to tins assumption, and, as was already 
pointed out previously, their conclusion applies only to the total benzoic 
acid output m the urine, and not to the hippunc acid synthesis In this 
connection it is well to note that m several of our patients (Cases 9, 
10 and 11) the complete amount, or verj- nearly so, of the benzoic acid 
administered was recovered in twenty-four hours, while only from 63 
to 95 per cent of the possible hippunc acid was synthesized in the 
same time It is not improbable that Kingsbury and Swanson’s patients 
were also of this type This may explain why they recover practically 
100 per cent of the administered benzoic acid, except that it is erroneous 
to identify all of this with its conjugation product, the hippunc acid 

Surveying the results with the patients under our observation we 
are inclined to believe that the elimination of free benzoic acid has 
been particularly marked m the nephntics and to a less extent in the 
cardiorenal cases We appreciate, of course, that a larger number of 
patients would have to be examined before this could be definitely 
established 

Before leaving the subject of the free benzoic acid in the urine we 
wish to relate one particular instance, because we realize that criticism 
would be directed most vigorously against these results One of us 
(S M ) had taken the usual dose of benzoic acid but for some undis- 
coverable reason he experienced great discomfort shortly afterward 
There was a strong burning sensation in the bladder and also during 
micturition Although practically the full amount of benzoic acid con- 
sumed was eliminated m six hours, the free benzoic acid portion 
increased from 0 024 gm in the preliminary urine to 0 256 gm in the 
next six hours and most of this was passed soon after the benzoic was 
taken The unne was intensely acid, and judging by the burning sensa- 
tion and by the fact that the membrane of the bladder was so severely 
irritated that the urine was full of mucous shreds (there was no 
albumin), this must have been due to benzoic acid and not hs salts 
We have not been able to find out the cause of the disturbance which 
this test occasioned, especiallv as the other tests performed with the 
same subject were free from all unpleasant accompaniments In fact, the 
test repeated a few days later was very successful and none of the 
symptoms described above occurred 
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Another point which should be noted is that the patients arrange 
themselves into two groups as regards the elimination of benzoic acid 
in one group (Cases 9, 10 and 11) from 74 to 95 per cent is synthesized 
to hippuric acid in twenty-four hours, while the entire amount, or 
nearly so, of the administered benzoic acid appears in the urine , in the 
other group (Cases 4 to 8) from 59 to 88 per cent of the benzoic acid 
ingested has been recovered Since we followed the benzoic and 

hippuric acid elimination in the urine for forty-eight hours after the 
administration of the benzoic acid, we are certain that this is not simply 
due to delayed excretion m these patients The fact that the full amount 
of benzoic acid was not recovered would naturally lead one to suppose 
that either a part of the ingested benzoic acid has been conjugated m 
some other form, for instance, as a glucosid with glycuromc acid or 
m some other form and thus escaped detection Dakm,^^ even when 
from 5 to 6 gm of sodium benzoate was given several days in suc- 
cession, found no evidence that the benzoic acid undergoes oxidation, 
and he found only trifling amounts of glycuromc acid derivatives in 
the urine It is possible, of course, that a process which in the normal 
organism is of slight significance may assume much greater importance 
under pathological circumstances Unfortunately, we did not attempt 
to solve this problem by direct experimentation and can therefore offer 
no valid data at present for the elucidation of this point 

GENERAL CONCLUSIONS AND SUMMARY 
In normal persons benzoic acid, administered either as the acid or 
Its salt IS completely synthesized to hippunc acid and the kidney is 
stimulated to enhanced activity In nephritic and cardiorenal patients 
the synthesis is never complete and the kidney is apparently fatigued 
by the excessive exertion 

The benzoic acid passing in the urine is not all conjugated with 
glycocol to form hippuric acid A variable portion appears as the 
uncombined acid or as its salts The unconjugated part of the benzoic 
acid can be reduced to an entirely negligible amount on a diet of milk 
and toast Following the ingestion of a large dose of benzoic acid 
or sodium benzoate the free benzoic acid in the urine mvanably 
increases, though to a very variable degree in different individuals The 
increase is particularly great in patients with a definite kidney affection 
In all the patients which we examined the per cent of hippuric acid 
synthesized in twenty-four hours, following the ingestion of a standard 
dose of benzoic acid or sodium benzoate, ranged from 53 to 95 per 
cent , while from 59 to 100 per cent of the benzoic acid administered 

24 Dakin, H D The Fate of Sodium Benzoate in the Human Organism 
J Biol Chem 7 103, 1910 
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could be recovered in the urine In one group of patients, the recovery 
of benzoic acid has been almost the same as in normal subjects, but 
the hippuric acid synthesis was less than in the normal owing to the 
fact that a large amount of the benzoic acid was excreted in unconj li- 
gated form In another group of patients both the elimination of total 
benzoic and of hippuric acid falls much below that in the normal subject 
The free benzoic acid in the urine following a dose of the acid is 
apparently greater in the nephritic than in the cardiorenal cases 

Clinically, the method will in all probability not find extensive 
application or favor because it involves much work, and in order to 
secure reliable results the patient’s regimen must be supervised very 
closely Besides, the determinations require the strict care and pie- 
caution of the usual quantitative chemical analysis, a condition which 
the ordinary clinical laboratory does not satisfy The test carried out 
with the same patient does not always yield quantitatively similar 
results which makes their proper interpretation still more difficult 

In conjunction with other renal function tests, the hippuiic acid 
synthesis and the elimination of the benzoic acid may serve a very 
useful purpose From our long experience with the method we would 
suggest that in performing the test for diagnostic purposes the follow- 
ing routine procedure should be observed The patient should be on 
an exclusive diet of milk, cream, cheese, sugar with a liberal allowance 
of water, at least one day before the test is made The patient should 
pass urine immediately before the substance is administered It is 
preferable to give the necessary dose (2 gm benzoic acid or 2 4 gm 
sodium benzoate) in gelatine capsules as this eliminates any loss 
through incomplete solution or possible spilling when the solution is 
taken by the patient, especially when he is in a reclining position in 
bed The urine collected for six hours after the substance had been 
taken should be analyzed according to the method described in the 
beginning of the paper for both the free and conjugated benzoic acid 
(hippuric) A second urine sample for eighteen hours should also be 
collected, thus completing a twenty-four hour urine after the benzoic 
administration, and analyzed in the same way Alkalinization should be 
discontinued foi the period of the test to prevent the possibility of the 
urine becoming alkaline The urine samples should be properly pre- 
served with thymol and kept in a cool place before analyzed A general 
correction of 0 2 gm hippuric and 014 gm benzoic acid for every six 
hours may be applied and the amount of benzoic and hippuric acid 
recovered m the six and in the twenty-four hour period calculated from 
the experimental data 

It gives us great pleasure to express our appreciation to the staff of the 
medical ward of the University Hospital for their faithful and friendly coopera- 
tion We are particularly indebted to Dr J Jay Keegan for his unremitting: 
interest in the work and the many courtesies so generously extended to us 
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Sellards ^ showed that in normal persons the administration of from 
5 to 10 gm sodium bicarbonate is sufficient to tuin urine alkaline, while 
in patients suffering from acidosis a greater amount is requiied 
Indeed, Palmer reports patients suffering from uremia who leceived 
112 gm sodium bicarbonate and still excreted acid urine Fuithei 
investigations by Palmer and Van Slyke^ demonstrated that in noimal 
men the urine becomes more alkaline than the blood {pn = 7 4) when 
the plasma bicarbonate exceeds 71 ± 5 volumes pei cent Of the ten 
pathologic cases which they studied during sodium bicarbonate admin- 
istration, most showed a higher plasma bicarbonate level than this, 
before the urine became more alkaline than the blood They conclude, 
theiefore, that in pathologic conditions there is danger of giving Ainnec- 
sary and perhaps injurious” amounts of sodium bicarbonate if 
administration is continued until the urine turns alkaline , and that the 
administration should be discontinued when the blood bicarbonate 
becomes normal 

The case which we are here describing is one in which after 
administration of sodium bicarbonate in amounts of from 5 to 6 gm 
per day for several weeks, an alkali excess in the blood was obseived, 
despite a continuously acid urine The bicarbonate retention was 
accompanied by a water retention of 11 kilograms with an edema which 
involved the lungs and appeared to be responsible for abnormalities of 
clinical importance in the respiration (rapid, very shallow breathing, 
and intense cyanosis) Bicarbonate administration was stopped, and 
the patient was kept in an atmospheie with 40 per cent of oxygen to 
relieve the anoxemia The kidneys began almost at once to excrete 
bicarbonate, the edema gradually disappeared, and the respiration 
became normal 

report of case 

History— A married woman, aged 47 years, had with the exception of fre- 
quent attacks of sinus infections, for the past several years enjoyed good health 


+ From the Hospital of the Rockefeller Institute for Medical Research 

1 Sellards, A W Johns Hopkins Hosp Bull 23 289, 1912 

2 Palmer, W W, and Henderson, L J Arch Int Med (Aug) 12 153, 
1913, Palmer, W W, and Van Slyke, D D J Biol Chem 32 499, 1917 
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She had noticed, however, that for almost six years slight exertion caused 
shortness of breath Feb 17, 1922, while on the train en route to New York, 
she had a chill Two days later she was confined to bed in a New York hotel 
with a temperature of 102 F and respirations of 30 to the minute The 
following day there were rales m the left lower chest, pain on deep breathing, 
and blood tinged sputum, from which pneumococcus Type 1 was isolated The 
condition thereupon ran the course of a lobar pneumonia with areas of con- 
solidation m the upper halves of both lower lobes February 26, a heavy trace of 
albumin was noted in the urine, but no casts were seen During the critical 
part of her illness, there was well marked cyanosis, and respirations were 
shallow and reached 60 per minute 

Coni se — After having had 1,000 c c of antipneumococcus serum, her tem- 
perature gradually fell, and remained between 100 and 101 F, her respirations 
at 40 per minute March 20, or a little more than a month after the onset of 
the acute illness, moderate edema of the left foot and ankle appeared Beginning 
about March 24, the patient did not seem so well, the cyanosis increased, the 
urinary output diminished, and gereneralized edema of the body appeared, 
respirations were shallow, and the patient was slightly irrational There was 
a heavy trace of albumin in the urine which was acid to litmus and contained 
many hyaline and granular casts This condition persisted for the following five 
days, when the patient was first seen by one of us 

TABLE 1 — Oxygen and Carbon Dioxid Content of 
Blood and Ph of Plasma and Urine 


r 


Oxygen 
Content, 
Volume 
per Cent 
824 


Arterial Whole Blood 


Oxygen 
Capacity, 
Volume 
per Cent 


Oxygen Carbon Dioxid Content 

Unsaturation r- * \ 

I ’■ , Total, Bicarbonate, 

Volume Per Cent of Volume Milli- Plasma, 

per Cent Capacity per Cent molecular pii 


13 49 5 25 39 70 6 30 0 17 49 


Urine, 

Ph 

62 


Tieatment — She was admitted to the Hospital of the Rockefeller Institute 
for the purpose of investigating the cause of her cyanosis and dyspnea The 
patient was put on a Catch bed in a fairly upright position, which somewhat 
relieved her respiratory distress The fluid intake was restricted to 1 liter per 
day, and she was given a salt-free diet No medication was prescribed The 
following day, blood was drawn from the radial artery and analyzed for its 
oxygen and carbon dioxid content, and the plasma pii The results of thi-, 
analysis are shown in Table 1 

Discussion — The oxygen figures indicated an oxygen unsaturation 
in the arterial blood sufficient to account for the cyanosis Lundsgaard ^ 
has shown that when the average capillar)'- unsaturation, estimated as 
the mean between the arterial and venous exceeds about 6 5 volumes 
per cent of oxygen, cyanosis usually becomes visible We were not 
able to obtain venous blood from this patient, because of her extensive 
edema, but with a normal fall of 5 volumes per cent from arterial to 
venous oxygen, the mean capillary unsaturation would be 5 25 -f 2 5 = 
7 75 volumes per cent 

The bicarbonate concentration of 30 milhmolecular in the whole 
blood as drawn was 50 per cent above the normal average of 20 

3 Lundsgaard, C J Exper M 30 259, 1919 
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millimolecuar for blood with pn 7 49^ The pn of 7 49,'^ though not 
certainly above extreme normal range, was near the upper extreme 
The condition of the acid-base balance was, therefore, one of alkali 
excess, or bicarbonate retention The acid urine {pn 6 2) indicated a 
pathologic inability to excrete the bicarbonate 

Since alkali excess can hardly occur m man without alkali adminis- 
tration, inquiry was made concerning previous alkali theiapy, and it 
was ascertained that during the thirty-five days of her illness prioi 
to admission to the hospital, she had been given approximately 200 gm 
sodium bicarbonate, or on an average of 5 7 gm per day, not m itself 
an excessive dose All the while the patient had been excreting a urine 
acid to litmus 

Oxygen Theiapy — Because of the pronounced aitenal unsatuiation, 
oxygen therapy seemed indicated Accordingly the patient was put in 
the oxygen chamber and exposed to an atmosphere containing 40 pei 
cent of oxygen Relief from symptoms was immediate and striking 
Cyanosis disappeared, and the respiratory rate fell At the time of 
admission to the chambei the chief physical signs and symptoms were 
intense cyanosis, rapid breathing, generalized anasarca and hydrolhorax 
After twenty-four hours in the oxygen chamber, the patient was 
removed for the purpose of getting a roentgenogram of her chest 
The recurrence of cyanosis and subjective discomfort weie as prompt 
and striking as their disappearance had been, and on return to the 
chamber they again vanished 

Table 2 gives the blood gas analyses and the pulmonary ventilation 
on four successive days, the fiist and third with the patient breathing 
atmospheric air, the second and fourth with the patient breathing an 
atmosphere containing twice the normal oxygen concentration The 
subsequent findings duiing convalescence are also brought out in 
this table 

In both instances of exposure to 40 per cent oxygen, the minute 
volume of pulmonary ventilation diminished, due to a fall m the respira- 
tory rate, the depth of individual respirations (tidal air) remaining 
unchanged In both instances the arterial unsaturation disappeared, and 
in both instances there was a marked diuresis Whether this diuresis 
was real, due to an improved oxygenation of kidney tissue, or whether 
It was apparent and due to a lessened water elimination through the 
lungs consequent to the diminished minute volume of pulmonary \en- 
tilation, we cannot be sure 

4 Van Slyke, D D J Biol Chem 49 158, 1921 (Fig 2) 

5 The blood Pn examinations were made by the method recenth described 
by Cullen and checked electrometncally 
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Loss of Edeiua The patient was kept in the oxygen chamber con- 
tinuously foi the five days following April 1 April 6 she was removed, 
when cyanosis no longer persisted under atmospheric conditions 
During this time her weight fell fiom 69 6 kilos to 62 9 kilos, hei 
twenty-four hour fluid excretion often more than doubling her intake 
Tissue edema rapidly decreased April 1 her urine, which had been 
acid to litmus and contained many casts, became alkaline and no ca^ts 
were to be seen It lemained alkaline to litmus until Apiil 9, uhen it 
again became acid without a recurrent appearance of casts The 
hydrogen ion concenti ation of the urine is shown in Table 2 Piogres- 
sive loss of weight continued until April 12, when the weight cm\e 
became flat and the patient was apparently in water balance 

With the disappearance of fluid from the chest, the tidal air giad- 
ually increased, and the patient’s lung volume, which had been much 
reduced, due no doubt to compression of the lungs by h} drothorax, and 
to pulmonary edema, also augmented as shown m Table 2 


TABLE 3 — Results or Renal Function Tests with Normal Vaiufs Shown 



Observed 

^orm il 

Blood urea nitrogen gm per liter 

0 0S21 

015-0 25 

Ujea indev (Austin, Stillman and Van Slyke) 

53 

45-115 

Plasma elilorids, gm per liter 

Plasma proteins 

5 76 

5 C2-6 20 

Albumin, per cent 

3 9 

5 0 

Globulin, per cent 

3 7 

30 

Total protein per cent 

7 G 

SO 

Globulin — Total protein 

4S 

SO 

Phthalein, 1st hour per cent 

34 


Phthalein, 2d hour per cent 

14 


Total per cent 

48 

60-80 


Ktdney Function — An effort to account for the alkali letention in 
tins case on the basis of renal insufficiency was made by a study of the 
patient’s renal function, which was done on Apiil 19 by Dr Geoff ry 
Linder of the Staff of the Rockefeller Hospital In summary, it may 
be said that the phthalein excretion showed a value below normal , and 
the plasma globulin formed a somewhat higher proportion of the total 
protein than normal, as frequentty seen in cases of nephritis with edema 
and albuminuria The renal functional tests made are given in Table 
3 with accompanying noimal values 

The dilution and concenti ation test showed a normal water excreting 
function 

Disappeaionce of Alkalosis — Examination of the arterial blood 
carbon dioxid content and pn values shown in Table 2, reveals some 
interesting facts The 70 6 volume per cent carbon dioxid at the time 
of admission increased during the next day to 81 0 volumes per cent 
This was accompanied by an increase in pn from / 49 to / 55, and 
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signifies, we believe, a transport of base from the tissues to the blood 
The next two observations show a drop m carbon dioxid volume per 
cent to 78 3 and 77 1 successively, and m pa to 7 52 and 7 45 Just at 
this time the urinary pn “ which had been 6 2 became 7 9, indicating the 
passage of retained base from the blood stream through the kidneys 
This change was accompanied by the enormous loss of tissue edema 
mentioned above Assuming the urinary unbound carbon dioxid to be 
4 2 volumes per cent , Gamble ^ has calculated the bicarbonate content 
of urine from the pn A rise such as this from pn 6 2 to pn 7 9 repre- 
sents an increase in sodium bicarbonate elimination from approximately 
0 2 gm per liter to 8 gm per liter 

Appaiently when the body retains bicarbonate, it letains sufficient 
fluid to keep the osmotic concentration m body fluids normal With 
cessation of bicarbonate administration and improvement of kidney 
function, in this case, fluid and base were eliminated simultaneously 
It IS possible that the relief from anoxemia was in some degree respon- 
sible for the improved kidney function 

SUMMARY AND CONCLUSIONS 

The case studied was one of lobar pneumonia, in which an aveiage 
of 5 7 gm sodium bicarbonate had been given foi a penod of thirty- 
five days prior to admission to the hospital The patient showed intense 
cyanosis with marked oxygen unsaturation of the arterial blood, lapid 
breathing, anasarca and hydrothorax, and evidence of alkalosis (blood 
pH 7 55) Oxygen therapy largely relieved cyanosis and dyspnea 
Immediately thereafter the patient began to excrete retained base and 
water Whethei this was more than a coincident relationship and just 
what role the salt free diet played in dehydration we are unpi epared to 
say Diminution of edema was accompanied by gradually increasing 
lung volume and return to normal type of respiration No definite 
impairment of kidney function could be established other than shown by 
a slightly reduced phthalein excretion At the time of discharge from 
the hospital, the patient’s blood oxygen, carbon dioxid content, and pn 
were normal, the urine pn was normal, and the urine was free from 
albumin and casts The case is reported to show that definite untoward 
results may follow the administration of sodium bicarbonate, and to 
point out the character of ceitain of these untoward results 

6 The urine was collected without precaution against exposure to air and 
colorimetric hydrogen ion concentration determinations made on freshly voided 
specimens 

7 Gamble, J L J Biol Chem , 51 295, 1922 
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PROTEIN FEEDING AND HIGH BLOOD 
PRESSURE ' 

SOLOMON STROUSE, MD 
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SARAH R KELMAN, AID 

CHICAGO 

This stud} At as undertaken for the purpose of acquiring more 
experimental data than can be found m the literature on the subject 
of the relation of protein intake to high blood pressure As far as 
can be judged from a study of the subject, opinions are, in the mam, 
based on empirical clinical impressions or on personal opinion without 
evidence of any sort Hott widely these opinions ran may be illus- 
trated by reference to the articles of Hamnian ^ and ^losenthal - from 
the same clinic m 1917 As a matter of fact, iMosenthal ® in 1920 
commented on the absence of actual experimental data and vas one 
of the first to attempt an expeiimental study on human beings 

No discussion of an} phase of the hypertension problem can be 
complete vithout a leriew of the more recent studies of Inpertension 
in relation to the diseases most often associated vith it. — myocarditis, 
arteriosclerosis and nephritis Whereas up to ten or fifteen }ears ago 
hypertension nas considered a s}mptom of arteriosclerosis or chronic 
nephritis, evidence is steadih accumulating to pro\e the existence of 
primar}' or so-called essential h} pertension, which, in its earlier stages 
at least, is entirely free from demonstrable lesions of the cardim ascular 
renal systems (Christian,'* Pratt ^ Yaquez OTIare ' Harpuder^) 
The hyperpiesis of Clififoid Allbutt, ^ the hypertension of the menopause 

^From the Aledical Clinic and the Nelson Morris Memorial Institute for 
Aledical Research of the Alichael Reese Hospital 

1 Hamman, L AI Climes N America 1 155 fTuh) 1917 

2 A'losenthal, H O AI Clinics X America 1 101 fjuh) 1917 

3 Alosenthal H O Am J AI Sc 160 80S (Dec ) 1920 also AI Clinics 
N America 5 1139 (Jan ) 1922 

4 Christian, H Oxford Aledicine 3 751 

5 Pratt, J H J A Al A 73 331 (Aug 2) 1919 

6 A^aquez, H Bull de I’Acad de med 81 283 fAIarch 11) 1919 

7 O’Hare, J P Am J AI Sc 159 369 (Alarch) 1920 

8 Harpuder, K Deutsch Arch f klin Aled 129 74 (April) 1919 

9 Allbutt C Diseases of the Arteries Including Angina Pectoris Lonaon, 
1915 
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may be cited as instances Although the words essential hypertension 
may be poorly chosen, they give a significance to the condition in dis- 
tinguishing it from the hypertension with nephritis and in centering 
attention on hypertension as the earliest demonstrable symptom 

That patients with essential hypertension may later in life develop 
cardioienal complications affords no justification for the conclusion 
that the primary cause of the high blood pressure lies in the organ or 
organs which secondarily show evidence of disease Study of histones 
of patients and careful continuous clinical observation will reveal many 
patients with hypertension of fairly high grade and jet with no evidence 
of myocardial degeneration, arteiial change oi disturbance m kidney 
function Moschcowitz has brought forward evidence — experimental 
and clinical — suggesting, if not actually proving, that even m cases 
of flank nephritis hypertension may be the earliest demonstrable 
symptom 

Furthermore, attention may be directed to the fact that, in certain 
conditions leading to hypertension with nephritis, the high blood pres- 
sure precedes the nephritis The menopause hypertension which has 
been so caiefufiy studied by Hopkins and by Riesman belongs to 
this group Observation on older diabetics who later develop severe 
nephritis justifies the statement that hypertension precedes nephritis — 
although it may not always precede arterial changes In hyper- 
thyioidism of certain types it is not uncommon to find hypei tension 
without nephiitis In the toxemias of pregnancy which later develop 
into the “kidney of pregnancy,” we have observed that hypertension 
precedes demonstiable renal disturbance (Ives^®) There is also plenty 
of evidence that arteriosclerosis without increased blood pressure occurs 
as a clinical and pathologic entity 

The newer studies on renal function are supposed to uncover the 
earliest manifestations of renal insufficiency, and such studies as have 
been made on patients with hypertension show that the presence of 
albumin and casts may not indicate true renal disease (Rappleye,^'* 
O’Hare, Lankhout In another field of observation, the study 

10 Moschcowit?, E Hypertension with Minimal Renal Lesions, J A 
M A 77 1075 (Oct 1) 1921, Am J M Sc 159 517 (April) 1920, Clinical 
and Anatomic Relations m Chronic Nephritis, Arch Int Med 26 259 (Sept ) 
1920 

11 Hopkins, A H Am J M Sc 157 826 (June) 1919 

12 Riesman, David Hypertension m Women, J A M A 73 330 (Aug 2) 
1919 

13 Ives, R F Am J M Sc 160 61 (July) 1920 

14 Rappleye, W C Boston M & S J 179 441 (Oct 3) 1918 

15 O’Hare, J P Boston M & S J 182 345 (April 1) 1920 

16 Lankhout Nederl Tijdschr v Geneesk 1 1439 (April 24) 1920, abstr, 
J A M A 75 440 (Sept 7) 1920 
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of nitrogen retention in the blood, further eMdence ina} be found of 
a lack of correlation between blood pressure findings and kidne\ 
function (Williams 

The effect of any form of therapy on blood pre^^sure should 
be studied on the basis of the statements just made The changes in 
b’ood pressure found m any gl^en case must be correlated and e\ abl- 
ated in relation to the presence or absence of other signs of disease 
It is futile to compare the effect of protein on the blood pressure of a 
patient showing ad\anced leiial disease and albuminuric retinitis with 
the same degree of hypertension m a w^oman showing merel} 
menopausal hypertension 

We ha\e been skeptical about the dangers of protein in h}per- 
tension even in patients with definite cardiovascular or renal complica- 
tions Without concrete experimental proof it seemed that although 



Chart 1 — During a nineteen-da\ period of protein intake of 125 gm includ- 
ing soup and coffee daih (S -f C ot chart) there is a drop in pressure 
During the first six dajs there is an initial drop to 1-10/85, atter which the 
pressure remains stationary Perhaps it would be more accurate to say that 
in this case, the high protein diet with soup and coffee did not raise the 
pressure A final six-day period of protein intake of 50 gin show^ a flight 
further drop 

The charts are drawn to the same scale The certical numbers indicate 
the blood pressure in millimeters of mercury protein intake in grams nonprottin 
nitrogen and urea nitrogen in milligrams per hundred cubic centimeters Tin 
horizontal figures show the number of days in each period The thin black cor- 
tical lines block off each period the heacy certical lines represent the amount ot 
protein intake for the period corresponding with the numbers on the lett The 
certical rectangles represent blood nonprotein nitrogen and urea nitrogen in 
milligrams per hundred cubic centimeters Systolic and diastolic pre'-‘:ure‘: 
are shown by the solid horizontal lines The broken lines are drawn betveen 
points representing the acerage pressure for each period 

17 "Williams J L The Total Nonprotein Nitrogen Constituents oi the 
Blood m Arterial Hypertension, Arch Int iMed 27 748 (Tune) 1921 
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changes did follow protein restriction such changes weie moie readily 
explained by other changes in the patients’ mode of living In many 
instances results followed correction of habits uncovered by what 
Cobb calls “personality study” — an effort to get at the fundamental 
psychic as well as physical background of the patient (Christian^) 
The effect of emotion on blood pressure is much more easily demon- 
strated than the effect of protein food We were unable to convince 
ourselves that patients were harmed by protein Excess of any kind 
of food seemed decidedly more injurious than a moderate amount of 
piotein m a well balanced diet Flatulence and digestive disturbances 
often resulted from substitution of carbohydrate and fat, and these 



Chart 2 — Marked daily variations are shown, but there is little change in 
the pressure in the two periods of 85 gm and 40 gm , respectively 

disturbances together with weight increase we believed more harmful 
than protein Our clinical observations were not in accord with the 
opinions expressed among others by Hamman,^ Meara,^® Bishop,®® 
Musser and Snow,®® but were in agreement with the clinical observa- 
tions and experiments of Moschocowitz and Mosenthal ® From an 
experimental standpoint it is interesting to note that although New- 
burgh ®® was able to show that large amounts of meat damaged the kid- 
ney he states that no blood pressure changes occurred in his experiments 

18 Cobb, S M Clinics N America 3 1137 (Jan ) 1920 

19 Meara, F S M Clinics N America 2 1 (July) 1918 

20 Bishop, L F J A M A 73 332 (Aug 2) 1919 

21 idusser, J New York M J 112 570 (Oct 16) 1920 

22 Snow, W B New York M J 105 5 (Jan 6) 1917 

23 Nevbuigh, L H The Production of Bright’s Disease bv Feeding High 
Protein Diets, Arch Int Med 24 359 (Oct ) 1919 
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EXPERIMENTAL DATA 

In order to add further data to the scant amount found in the 
literature, we attempted to attack the problem by a series of mtensueh 
studied expel imeiits on a small number of patients The method of 
procedure was as follows Patients with hypertension and with \aiy- 
ing degiees of damage to the cardiovascular or renal systems were 
placed 111 the hospital They were not kept at complete bed rest but 
were allowed to walk around the ward and corndoi Successne 
periods of observation lasting appi oximately from seven to thiity 
days were instituted, the diet measured and controlled for each pei lod 



Chait 3 — Definite slight drop in pressure on admission is shown, and a 
level of 245 for si\ days of protein intake, 40 gm , a marked drop when 
protein was raised to 75 gm and salt (10 gm ) added, and a subsequent 
steady rise when protein was limited to 35 gm for tw^eiitj -fiv e da\s 

Blood pressure readings were taken twice daily — between 8 and 9 a m 
and between 5 and 6pm The same mercury sphygmomanometer 
was used for all readings The patient was always in the same position 
and the same arm was used If changes in inteins’ schedule meant a 
change m observei, personal sources of eiror were controlled b} joint 
leadings during the transition period 

Clinical obseivation of the condition of the patient with special 
reference to his heait, blood vessels and kidneys were supplemented 
by studies of blood chemistry and kidney function which w'ere done as 
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far aSfpossible to correspond with the dietary periods Routine work 
on the blood included nonprotein nitrogen, urea nitrogen, uric acid, 
sugar and cholesterol on admission, with repeated obsei vations on 
nonprotein nitrogen, urea nitiogen and sugai The Mosenthal renal 
test meal was done at the beginning of the period of obsei vation The 
phenolsulphonephthalein excretion was studied usually at two different 
times The urine studies included amount passed m twenty-four hours, 
specific giavity, presence of albumin and casts, total mtiogen, urea 
nitrogen, sodium chlorid, titrable acidity, and i elation of monosodium 
phosphates to disodium phosphates With latei cases special atten- 



Chart 4 — Blood pressure during a preiuninary three-day period of admin- 
istration of 75 gm protein dropped from 175/85 to 138/75 During a second 
period of five days, with protein intake at 125 gm , the pressure continued 
to drop A period of eighteen days with protein at 150 gm , and soup and 
coffee, follows At first the pressure rises slightly, but it drops again toward 
the end of the period, making an average the same as for the preceding period 
\ final period of six days with protein intake at 50 gm shows a continuation 
of the drop noted at the end of third peiiod, the average being 122 as com- 
pared with 136 for the third period It is to be noted that despite the wide 
range of systolic pressure, the diastolic remains practically constant 


24 The methods used were as follows Blood Nonprotein Nitrogen, Urea 
Nitrogen and Uric Acid, Folin, O, and Wu, H J Biol Chem 38 8l’. 1919 
Sugar Folin, O, and Wu, H J Biol Chem 41 367, 1920 Cholesterol 
Bloor, W R J Biol Chem 23 317, 1915 

Urine— Mosenthal Mosenthal, H O Renal Function as Measured by the 
Elimination of Fluids, Salt and Nitrogen and the Specific Gravity of the Urine 
Arch Int Med 16 733 (Dec) 1915 Total nitrogen Folin, O, and Denis’ 
W J Biol Chem 26 473, 1916 Urea nitrogen Folin, O , and Denis W 
T Biol Chem 26 SOI, 1916 Chlorid Harvey, S C The Quantitative Deter- 
mination of the Chlorids in the Urine Arch Int Med 6 12 (July) 1910 

Acidity Folin, O Am J Physiol 13 45, 1905 


Brit M J 2 165, 1919 


Na=HP04 
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tion was paid to the seaich foi red blood cells (Newburgh-^) (It 
may be stated heic that m none of oui cases was protein increase 
followed b} the appeal ance of led blood cells in the urine ) By this 
pioceduie we hoped to classify oiii cases with legaid to kidney damage 
and also to follow' any possible eflect of dietaiy changes on the kidneys 
and blood 

1 he lesults aie showm in the foim of a giaphic chart foi each patient 
studied In oidei to simplify the chaits urinaiy data are not included, 
but important facts m relation to kidney function are given m the 
protocols to tlie chaits One daily blood piessure is charted — the 
a\eiagc of liic two leadings Vaiiations in systolic blood pressure 



C!i irl s — \ sti i<l\ dio]) in liutli s\blolic ,'iiul diastolic blood pressures is 
‘-Ikjwii, w nil no .ippauiU rclalionslup to piolcin intake The daily variations 
irc in some spots as liicdi as tlie ditTcrcncc bctivecn the ma\imum and ininimum 
period iNtiaf-ts 1 lit iiigli fiRuits foi blood nonpiotcm nitrogen and urea 
irc in this instance onl\ sliglulj innuenced by the protein intake The eight- 
da\ salt-free jieriod with piotein at 50 gm is followed by a drop in pressure, 
but i still luilher (hop is noted in a succeeding eight-day period with protein 
at 85 gm ind no limil.ition ol salt 

lietw'cen moining and excning on the same patient w'eie at times as 
gieat as 60 mm met cm y <ind w'erc usually not constant On one day 
the morning picssuic w'as highei than the evening piessuie, on the 
next day the levctse wots tiuc Maiked and lapid changes seemed 
to be associ.ited wnth emotional disluibances A good night’s rest 
w'otild be follow'ed by i educed piessure, a nocturnal disturbance in the 
w'ard would be indicated by high leadings the following moining 
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REPORT or CASES 

Case 1 — A K (No 30208), male, aged 54 Well up to two months ago 
when he had pains all over his body, especially in the lower extremities, 
dyspnea on exertion 

Physical Evamimhon — Arteries soft, heart normal in size, no irregularities, 
no murmurs, coarse scattered rales Urine at no time showed albumin or 
casts “Specific gravity, 1020-1024 Mosenthal test showed no nocturia, no 
fixation Phenolsulphonephthalein excretion 60 per cent in two hours Uric 
acid of blood, 1 6 mg , sugar 0 13 per cent , urinary nitrogen and sodium 
chlorid excretion normal 

Diagnosis — Chronic bronchitis and hypertension 

Casi- 2 — Mrs S P (No 31231), aged 41 Five years ago, following a 
pelvic operation, she had edema of the feet, albumin and casts She was m 
this hospital where a diagnosis of chronic nephritis and hypertension was 
made From 1916 to 1921 she was in comparatively good health, but very 
nervous suffering from headache, palpitation, disturbances of fusion She 



Chart 6 — A pronounced drop in systolic pressure from 210 to 132 is shown, 
with no marked change in diastolic pressure, during a period of seven days, 
with protein intake at 100 gm Previous to this period, the intake was at 
the minimum This marked change could be associated with a synchronous 
change in the patient’s nervous condition, and with such an interpretation the 
change in s\stolic blood pressure would represent a vasomotor phenomenon 

came to the admitting room of the hospital with these symptoms and with a 
blood pressure of 190/120 The urine was negative and she was admitted to 
the hospital as a case of “essential hypertension ’’ 

Physical Ei animation — Entirely negative, except for tenderness along the 
colonic region At no time during her hospital stay was albumin or casts 
found Mosenthal test meal showed specific gravity fixed at 1020-1022, no 
nocturia Phenolsulphonephthalein excretion, 65 per cent in two hours 
Excretion of urinary nitrogen, urea, and of sodium chlorid was normal in 
relation to intake The blood chemistry as shown in the chart was norma! 

Diagnosis — Hjpertension and colitis 

C\sr 3 — Mrs I D (No 18182), aged 47 Sick about three years with 
“pains all o\er,’’ palpitation, dispnea, headaches 
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Phy^ual Examiiiatwii — I lypcrlr opined heait, laige Iner Urine showed 
a (lace of albumin, occasional h> aline and granular casts, specific gravity iisiialh 
around 1027 This patient was studied before the present investigation was 
begun, and her chart is shown for coinpaiison 



/ 9 irt 7 » 0 JiJ—Hypci tension, chronic nijocaiditis, chronic nephritis 
Casi -1— Iilrs I N (No 30201), aged 42 Sick about ten years, but does 
not give a histoiv of ^allIe She complains of mdehnitc symptoms, and it is 
difiicult to iincovci the relation between the glycosuiia and the other conditions 
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Physical E'xaiimiahon —Hypertrophied heart, slightly thickened peripheral 
blood vessels, slight edema of ankles Urine showed occasional trace of 
albumin, no casts, specific gravity varied between 1022 and 1026 Sugar in small 
amounts was present (0 09 per cent ) only on very high carbohydrate feeding 
Mosenthal test meal, night urine 450 cc, day 500 Phenolsulphonephthalein 
excretion, 67 per cent m two hours Excretion of urinary nitrogen, urea, 
and sodium chlorid was normal in relation to intake Blood sugar varied 
from 0 13 to 0 17 per cent , nonprotein nitrogen, urea nitrogen of blood above 
normal 

Diagnosis — Hypertension, nephritis, myocarditis, diabetes mellitus (^) 

Case 5— Airs W (No 28783), aged 52 Sick four years, pain in chest, 
teet, hands, cough 

Physical E'lamtiiatioii — Peripheral blood vessels firm Heart normal 
Urine showed usually trace of albumin and occasional granular cast Phenol- 
sulphonephthalein excretion in two hours, 43 per cent Mosenthal test meal 
fixation of specific gravity but no nocturia Excretion of nitrogen and urea 
alwajs low Sodium chlorid excretion normal Blood nitrogen products high 
(Chart 5) 



Chart 8 — An initial two-day period of protein intake 75 gm , is associated 
uith a drop m pressure from 200 to 125 after which, the average is between 
132 and 140, while the daily variations are marked Protein intake varied 
between 35 and 75 gm , and a rough relation is seen between the protein and 
blood pressure changes Owing to the fact that the patient was diabetic, we 
did not care to change the protein intake too much Unlike the other charts, 
this chart shows a steady rise in diastolic pressure 

Diagnosis — Hypertension, chronic nephritis 

C\SE 6 — AIiss E G (No 28556), aged 53 Complains of attacks of severe 
abdominal pain, constipation, anorexia, nervousness For three days she has 
been practicall} starving on account of the fear of abdominal pain 

Physical Examinaiion — Very nervous, tachycardia, increased reflexes, gall- 
bladder tenderness Her pressure when first seen was 210 Heart and blood 
\essels were normal (After a careful examination on admission, she was 
urged to eat freely of a mixed diet containing 100 gm protein ) ’ Urine on 
admission showed a trace of albumin, w'hich disappeared at once Excretion 
of nitrogen and urea not abnormal Other kidney function tests not made 

Diagnosis — Hypertension, menopause, cholelithiasis 
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CInrt 6 — I his patient who suficred from .i ptogicssivc ncphiitib and hipci- 
tuision wa*; idactd snctessnch on three peiiods of ptotcin feeding, 50, 75 and 
12^ gin, rcspecti\cl\ The pressnie heie shows a slight Init definite tendenc\ 
to use with imrcascd pi olein intake 



Chart 10 —A drop in piotein intake fioni 100 to 50 gm , wdneh w'as sufficient 
to reduce tlu noniirotein nitiogeii and uica of tlie blood, wms, neveithclcss, 
assori.itcd witli .i use in lilood piessntc 
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CAsr 7 — Airs E K (No 29330), aged 57 Duration ten j^ears, pains in 
shoulder, headache, dyspnea on exertion and precordial pains Onset of 
glycosuria doubtful 

Physical Examination — Enlarged heart, extrasystoles, no hardening of 
peripheral arteries Urine at no time showed albumin or casts Sugar appeared 
when carbohydrate intake was excessive Excretion of nitrogen and of sodium 
chlorid was normal Phenolsulphonephthalein excretion, 49 per cent m two 
hours Mosenthal test meal showed night urine 950, day urine 520, with 
specific gravity varying from 1 012 to 1 022 Urine this day showed sugar 
Blood sugar varied from 0 168 to 0 25 per cent 

Diagnosis — Hypertension, myocarditis, diabetes mellitus 

C\si 8 — Airs I F (No 31038), aged 47 Diabetes ten j^ears’ duration 
High blood pressure discovered recently 



Chart 11 — The findings in Case 11 were similar to those obtained in Case 10 
Chart 10 should be compared for details 

Phvsical Examination — Rales and some dulness upper lobe of both lungs 
Lrmc at no time contained albumin or casts Glycosuria with carbohydrate 
intake in excess of tolerance Alosenthal test meal normal Blood sugar on 
admission, 0 40 per cent Nitrogen normal 

Dmi/noiiJ— Hjpertension, diabetes mellitus, pulraonarv tuberculosis (?) 

C\SE 9— AIiss R K (No 27697), aged 18 In hospital fi^e months ago 
with parench 3 matous nephritis of nine months’ duration Aliich edema and 
pallor ^Large jimount of albumin, hyaline and granular casts Blood pressure, 
from 150 to 170 Between the two hospital admissions she was under dispen- 
sar\ obser%ation and gnen increased protein (Diet not measured in this 
period ) 1 his w as apparently follow'ed bj lessened albuminuria and edema 

Blood pressure slowlj but steadily rising 

PJiyiical Examination— On return to hospital, examination show'ed typical 
appearance of a pale edematous nephritic Urine always contained albumin, 
h\ aline and granuhr casts Phenolsulphonephthalein excretion 48 per cent in 
two hours Alosenthal test meal showed night urine of 690, specific gravity 
\ar\ing between 1016 and 1 024 Nitrogen excretion normal salt retained 

Diaqno<n <: — pertension , subacute nephritis 
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C\5! 10 — S G (Xo 29S42), aged 33 A topical case of ad\anced nephritis 
■vMtli organs showing marked degeneratne changes 

Pzaomorir — A.d\anced chronic nephritis with h} pertension, retinitis, etc 

Cssp 11 — S II (Xo 29956), aged 42 This case was identical with Case 10 
and sliowed the same results from feeding 

CON'CLUSIOKS 

The stud} here icporled supplemented by other ambulant cases, 
justifies the following conclusions 

1 In patients with In pertension and wutli slight or no impairment 
of renal function marked \anations in blood pressure occur Such 
^anatlon^ liear no relation to the intake of protein food 

2 In such cases no damage to renal function and no increase in 
nonprotem nitrogen oi urea nitrogen of the blood was found to follow 
protein lecding up to 150 gm daiK 

3 In three such c.'ses strong stock soup and coffee gi\en daily 
dm not increase blood presMire 

4 In c.iscs of frank piogressne nephritis with hypertension, a 
dimmution of protein intake sufticient markedly^ to lower the figures 
for blood nonpiotem nitrogen and urea did not cause lowering of the 
blood pressure 

5 1'hc exiieriments here leported add further e\idence to that 
plre.td% .wcumuk’ied to pro\c the existence of a clinical entity char- 
ictcnred b\ a primary hypertension They further suggest that 

''nation-' in blond pre---'Ure in this condition are the direct result of 
\asomotor disturbances 



RELATION BETWEEN HEMOGLOBIN, CELL COUNT 
AND CELL VOLUME IN THE VENOUS BLOOD 
OF NORMAL HUMAN SUBJECTS 

H C GRAM, MD, and A NORGAARD, MD 

COPI NHAGI N 

In spite of extensive work on these subjects, it cannot be said that 
the relation between hemoglobin, cell count and cell volume in normal 
blood has ever been clearly stated The reason for this must be sought, 
first, in that most authors in examining normal blood limited their 
research to one or two of these factors , secondly, m that there exists a 
considerable confusion in the expression of hemoglobin Even when 
100 per cent hemoglobin is defined as the color corresponding to an 
oxygen capacity of 18 5 per cent , the question is not solved Recently 
Van Slyke and Stadie ^ have drawn attention to the fact that the 
Haldane method for determining the oxygen capacity of the blood may 
give results which aie markedly too low (as low as 10 per cent) Thus 
we get the explanation of the phenomenon that Haldane ^ and his col- 
laborators have found 18 5 pei cent oxygen capacity to be the average 
in the blood of healthy men, while this figure in later researches has 
proved to be neai er an average between normal men and women A too 
low hemocolorimeter standard called 18 5 per cent oxygen is the 
explanation of the results obtained by Haldane ® and by one of us 
(Gran: which would make the normal color index nearer 0 9 than 1, 

and the ratio 2 14 

volume per cent 

These hemoglobin values do not tally with those obtained by most 
other observers, as, for instance, Bie and Miller ® Recently one of us ^ 
published a critical sur^ey of these matters 

As already mentioned, we have in former papers dealt with the 
ratio ^ — - ^^e’pe A^nr'' found that this was faiil> constant in most 
diseases 


From the Unnersity medical chnic of Prof Knud Faber 

1 Van Slvke, D D , and Stadie, W C J Biol Chem 49 1, 1921 

2 Haldane, J S J Ph 3 "siol 26 497, 1900 

3 Haldane, J S , and Smith, L J Physiol 25 331, 1899 

4 Gram, H C Ugeskr f Lseger 82 1543, 1920 

5 Norgaard A, and Gram, H C Compt rend soc biol 84 151, 1921, 

Dansk selskab f int med , 1920, p 65 

6 Bie, V, and Miller, P Ugeskr f Lager 74 749, 817, 878, 1913 

7 Gram, H C Ugeskr f Lager 84 215, 1922 
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If this IS liue, one may approximately calculate one of these values 
when the other is known One may also use cletei mmations of cell 
^olume to check the hemoglobmonieter standard The same would be 
the case, if (he ratio i e, the coloi index, was fairly 

constant in noimal subjects 

One might then standaidize a hemoglobmometei , foi instance, to 
100 pei cent hemoglobin = 5 millions of noimal cells pei cubic milh' 
mctei It stands to leason that one would have to make very exact cell 
counts lejicatedly on the blood of se\eial normal subjects 

On account of the cxtieme clinical impoi lance of these relations we 
ha\c considered it expedient to take up the question with the most 
exact methods at our disposal 

In Older to minimi/c the ciioi in oiii methods, we have used only 
\enous blood sccuied b\ jiunctunng a cubital vein and stabilified with 
hii udin 

As no manufactuicd pioduct was a\ailable, this hiitidm was made 
b\ dning and powdeiing leeches’ heads, extracting wuth w^ater and 
jirccijMtating with alcohol The dried pioduct was very effective, part 
of .1 milligi.am being siiflKient to pi event coagulation foi days m more 
than 10 (. c of blood d'he salt content of the hiiudin w^as infinitesimally 
sm.ill. so tliat the blood corpuscles w'cie not subjected to osmotic 
shiinkage dims, the use of admixtuie of isotonic citrate or oxalate 
‘solutioiw was a\oided 

i he blood was obt.iincd fiom ten noimal males and ten normal 
icm.ile^' '1 he m.dc subjects weie physicians, medical students and 
hosjiilal poiteis the female subjects weie nurses and hospital sen ants 
All subjects were plnsicalh sound and fit for their wmrk 

The blood was taken into a small conical vessel closed by a lubbei 
cork After mixing it thoioughh w’lth the diy hirudin, about ten 
glass beads weie added in oidei to shake up the agglutinated and 
sedimented coipusclcs be foie drawmig oft each specimen foi analysis 

METHODS 

The methods used weie the following 

1 llcmoqlnbiu —An Auteni leth and K^nigsbeiger hemoglobmonieter 
with a good coloi wedge wms used Foui dilutions in the proportion 
20 4- 1980 w'ere made in all cases with the same pipet, using tenth 
normal hydrochloiic acid Ten readings weie taken on each dilution 
after exactly ten minutes 

The average scale value for each patient was noted For this 
hemoglobmometei w^e piocuied a cuive of coriections based on a pre- 
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suniably reliable oxygen deteriTiination, so that we could express the 
scale values in terms of hemoglobin per cent , 100 per cent being defined 
as equaling an oxygen capacity of 18 5 per cent (first vertical column 
of Table 1) 

On account of the uncertainty of oxygen determinations, we resolved 
to use still another standai d based on the assumption made in calculating 
the color index, i e , 100 per cent hemoglobin corresponds to 5 million 
normal corpuscles pei cubic millimeter 

At the end of our work we found that the average scale value in all 
twenty cases was 30 0055 Autenneth, and the average cell count 5 0541, 
that IS, according to the above assumption, 101 082 pei cent hemoglobin 

TABLE 1 — Data on Ten Normal Males 
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Since the scale value 102 08 represented 0 corpuscles and 0 per cent 
hemoglobin, the hemoglobin per cent could be calculated in each single 
case These hemoglobin percentages will give an idea of the individual 
■variations in the relation of the coloring power to the cell count On 
being compared with the results won by the standardization to oxygen 
capacity, these hemoglobin percentages will give an idea as to whether 
the assumption made in calculating the index is fairly correct or not 
2 Cell Cotint — On each specimen four different dilutions and 
counts were made with Ha>em-Jj^rgensen’s liquid and Ellermann’s 
separate pipets for blood and diluting fluid (10 and 1990 c mm ) The 
pipets had previously been carefully calibrated with mercury, and the 
same pipets were used throughout our experiments The Burker-Turk 
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counting cell was used, twenty laige squares being counted from each 
of the foui dilutions A subti action of the white cell count was 
not made 

3 Cell Volume — The cell volume percentage was deteimined with 
a special hematocrit constiucted aftei oui designs by Jacob, Copen- 
hagen Tlie f 1 aine cai i led four branches, into which the capillary tubes 
nere fitted vith a sciew, the ends being closed by haid lubbei plates 
Tlie length of the capillaiy tubes was 10 cm divided into 200 gradations 
alIo\\ing readings of one fouith of a volume pei cent The tubes were 
caiefulK cleaned and diied, then filled with avoidance of an bubbles and 

1 ABLE 2 — D \T \ ON fi N Nokm \l Fpm \li s 
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tions a minute) The centiifuging was continued till the coipuscular 
column became transpaient tlnoughout its length This lasted generally 
between 1 hour and 1 '/j houis All foui tubes gave similar lesults, and 
no subti action of the white cell volume was made, as the bordeiline 
against the icd cells was not always cleaily defined 

The \alues found in oui tables aie aveiages of the foui determina- 
tions of each soit made on cveiy single specimen In a few of the 
early cases, howcvci, only two volume dcteiminations were earned out 
In piepanng oui mateiial foi tabulation we have placed the men and 
women apait, giving foi each group the aveiage, maximum and mini- 
mum of both groups lumped together 
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As to the indices and quotients put forward in these tables, we must 
call attention to the fact that the average index is the relation between 
the respective average values found, while the maximum and minimum 
are those found m the table and do not correspond to the maximum 
and minimum of hemoglobin, cell count and volume 

The values to be found m the tables, besides the age of the subjects 
are, from left to right, the following 

1 Hemoglobin peicenlage calculated from scale values® on the 
assumption 100 per cent hemoglobin = 18 5 per cent oxygen 

2 Hemoglobin percentage calculated from scale values on the 
assumption 100 per cent hemoglobin = 5 millions of normal corpuscles 
(101 082 per cent = 5 0541 millions [Table 3]) 


TABLE 3 — Summary of Data on Ten Males and Ten Fem\les 
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3 Cell volume per cent 

4 Cell count in millions pei cubic millimeter of blood 

5 Colorimetric index calculated from the first named hemoglobin 

percentage by the formula I = Er being the cell count in 

millions per c mm 

6 Colorimetric index calculated from the second hemoglobin per- 
centage “ according to the same formula 

7 Volumetric index (volume index) This index gives an idea of 
the variations of the normal relation between cell volume and cell count 
According to Table 3 this relation is 42 96 volume per cent = 5 

millions noimal corpuscles per cubic millimeter (i e, 43 43 volume 
per cent = 5 0541 millions) 

8 The Autenneth scale values being individual to the apparatus used, we 
have not considered it practical to publish them 
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Foimeily one of ns calculated this index from the formula 
Volume 1=3 pa cent 0 12 (Giam«), but in this case we use the 

moie exact fonnula Volume I = pcr^cent o ii64^° 
cell count m millions pei cubic milhmetei 

8 The ratio hemoglobin pei cent Volume pei cent calculated 
fiom the fiist hemoglobin peicentage^ 

9 The latio hemoglobin pei cent Volume pei cent calculated 
fiom the second hemoglobin peicentage" 

Of course, this quotient might be expiessed also as an index (I 
colornolumetiicus), which would vai) between 106 and 0 95, but for 
piactical purposes the ratio has been chosen 


CONCLUSIONS 


1 In these tables aic lound, fust, the noimal boundaries “ of hemo- 
globin jieicentage, tell \olume and cell count m noimal male and female 
subjects d he \olumc deteiminations, on tbe whole, agiee very well 
with those obtained b\ othei authois (Bie and M0llei " and Gram'^). 
As to the cell counts, it is genciall} admitted that the old values, 5 
millions foi men and 4 5 millions foi w'omen, aie incoirect, even though 
thcv are repealed with gieat legularit) in physiologic and even clinical 
textbooks The hemoglobin determinations agiee astonishingly wuth 
those found In Bie <md Mallei,'' but they aie considerably highei than 
the \ allies published pieviousl) by I-Ialdane," Haldane and Smith® and 
(iiam ' This apjihes both to a\eiages and to noimal figuies the dnerg- 
ence being ncaih 10 pci cent As aheady stated, these vaiiations may 
safe!} be asseited not to be leal but due to mcoiiect standardization of 
the hemoglobinomctcis used b) the last named authors 

2 A companson between the hemoglobin peicentage calculated to 
100 pci cent =18 5 pci cent oxygen and 100 pei cent =5 millions 
normal coipuscles show's that the diftcience is ^ely slight, being on the 
.ueiage onh 0 56 pei cent hemoglobin 

The ordinal}' assumption made in calculating the coloi index is 
iie.irK true, when oui hemoglobinomctcis aie standaidized to 100 per 


9 Gram, II C Comnt tend Soc dc biol 49 264, 1921 
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This may also be expressed by introducing 


the constant llb% Vol%=:2 33 m the formula used for calculating the color- 

Voi % 2U 

index Vol 1 = — ^ — 20 

11 Naturally, a larger senes might show cases slightly exceeding these 


extremes 
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cent hemoglobin = 18 5 per cent oxygen capacity in an irreproach- 
able way 

If 100 per cent hemoglobin is defined as equaling 5 millions normal 
corpuscles per c mm the color index should be 1 The actual variations 
found in this very exact series of determinations ranges between 1 04 
and 0 97, which is probably not more than may be expected from the 
unavoidable errors of the two methods involved If only single determi- 
nations on each person are made, the error may easily be larger, so that 
in ordinary clinical work an index between 0 9 and 1 1 could not be 
called anything but normal 

3 A consideration of the volume index shows that in normal persons 
the cell volume vanes nearly proportionally with the hemoglobin and 
cell count, that is, that the size and hemoglobin content of the red 
corpuscles is nearly constant The range of variation of the volume 
index, however, is slightly largei than that of the color index, being 

1 06 and 0 96 This may partly be due to a greater inaccuracy of the 
volume determinations, partly to the varying amounts of white cells 
having different individual volumes 

4 The ratio Hb % Vol % averages 2 33 when 100 per cent 
hemoglobin means 5 millions normal cells (or nearly 18 5 per cent 
oxygen) In noimal persons, however, a range of variations between 

2 46 and 2 22 is found , this may partly find its explanation in the 
experimental error on the two determinations The importance of this 
fairly constant ratio lies m the possibility of estimating the cell volume, 
when the hemoglobin is known , this may play a role in analysis of total 
blood and plasma won from blood stabilized with isotonic salt solu- 
tions Caution IS necessary in cases of jaundice, leukemia and chlorosis 
uhile the ratio determined agrees very well in cases of pernicious 
anemia 

5 The use of a good hematocrit may be advocated for studying and 
checking variations of cell count and hemoglobin content m normal 
subjects and of hemoglobin content in most pathologic cases The cell 
volume determinations have the advantage of being less subjected to 
subjective eirors than the other methods 



TOXIC MANIFESTATIONS FOLLOWING THE ALKALINE 
TREATMENT OF PEPTIC ULCER -i 

LEO L HARDT, MD, and ANDREW B RIVERS, MD 

KOCHI STI K, MINN 

Sippy 1 li.ib attiibulcd the chionicil}'^ of ulcer to the coirosive action 
of gastric juice, and on this basis administered small amounts of alkali 
to the patient houil}, over a long peiiod (from three to four weeks in 
the hospital and sc\cial weeks aftenvard) a combination of 

pouders — calcium caibonate, magnesium oxid, sodium bicarbonate and 
bismuth subcarbonatc — in \arying propoitions, he was able completely 
to ncutrali7e the gastnc juice, and theieby to piomote healing of the 
ulcei Fie sa}s, “It may be helpful to know that in lare instances it 
ba^ requiied the cqunalent of 30 giains (2 gm ) each of calcium 
carbonate and sodium bicarbonate. e\ery hour, midway between feed- 
ings and c\er\ half houi aftei the last feeding until 9 p m to control 
the tree acidit} He docs not, howc^el, discuss a certain group of 
c.i^'Cs in which it is difficult and almost impossible to control the acidity 

It has been oui experience in this paiticular gioup, with one excep- 
tion, that when an attempt is made to contiol the acidity, symptoms of 
toxemia usual!} appeal - Physicians wdio have used the alkaline treat- 
ment in a l.irgc group of cases have undoubtedly noted that some 
patients dc\clop a distaste foi milk, that they have headaches and 
sometimes vomit But thus fai, no one seems to have studied the 
eliolog} and s}mtomatolog} of the condition from the standpoint of 
blood chcmistiy 

MacCallum w'as able to pioduce gastnc tetany cvith associated 
toxic manifestations in dogs by mechanical pyloric obstruction With 
the constant withdra\val of hydrochloric acid, the deciease in the chlorid 
of the plasma and the consequent inciease in the alkali reserve became 
extreme I'he electrical excitability of the nerve was heightened, 
twitchings w'eie spontaneous, and usually the condition terminated 
fatally with coinulsions "1 he lives of the animals could be piolonged 
by administci mg sodium chloiid 

■’'From tlie Section on Medicine of the Ma>o Clinic 

1 Sipp 3 , B W Gastric and Duodenal Ulcer, Medical Cure By an Efficient 
Removal of Gastric Juice Corrosion, J A M A 64 1625 (May 15) 1915 

2 Ilardt, L L Medical Management of Peptic Ulcer, Ann Med 
(In press) 

3 MacCallum, W G , Lintr, J , Vcrmilye, H N , Leggett, T H . and Boas, 
E Tlie Effect of Pyloric Olistruclion in Relation to Gastnc Tetany, Bull 
Johns Hopkins IIosp 31 1, 1920 
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From the patients with peptic ulcer who were observed in the 
Mayo Chnic from April 1, 1921, to April 1, 1922, forty-eight were 
selected for study The diagnosis had been confirmed by roentgeno- 
grams m all The forty-eight patients were classified in three groups , 
Group 1 consisted of sixteen patients who were treated for one week 
by hourly feedings of milk without alkali They were then treated 
according to the usual Sippy method This experiment was made for 
the purpose of determining whether or not the milk alone was a factor 
in causing the complicating symptoms Group 2 consisted of sixteen 
patients who were placed directly on the Sippy treatment and i emained 
normal throughout the course Group 3 consisted of sixteen patients 
who showed toxic symptoms while under the Sippy tieatment 

In virtually all cases a twelve-hour specimen of urine (night) was 
examined microscopically for blood, pus and casts and chemically for 
albumin and sugar The specific gravity was estimated and the renal 
function was tested by phenolsulphonephthalem return Blood urea, 
creatmin and the carbon dioxid combining power of the plasma were 
also detei mined These tests were repeated on the day before additional 
food or alkalis were given and again during the last week of treat- 
ment If symptoms of toxemia developed, the laboratory data were 
again obtained The patients in Group 3 had blood urea of 50 mg or 
more for each 100 c c Creatmin determinations were not made unless 
the blood urea was 70 mg or more In one case the blood chloiids 
were also detei mined during the period of toxemia 

RESULTS 

The chemistry of the blood or urine was not affected in the “milk 
control” patients in Group 1 Similar results were obtained in Group 2 

The sixteen patients of Group 3 exhibited definite symptoms of 
toxicity The incidence of this syndrome was found to be greater in 
men than in women It is not probable that age plays a part in 
determining the liability of a patient to the development of adventitious 
symptoms while under treatment The ages of the patients range from 
24 to 66 years, the average being about 35 years 

The symptoms of intoxication are apt to anse at any time during the 
course of the treatment, within four or five days aftei the powders 
are given, not until the third or fourth week, or following the use of 
two or three additional 5 grain calcium carbonate powders Patients 
whose gastric acidity persistently remains uncontrolled may show symp- 
toms early Occasionally, they have headache and slight nausea and, 
while further symptoms may follow, often the complaint disappears and 
the remainder of the course is without disturbing incidents 
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The Clinical Evidciuc of To.\ictty — The mode of onset and the 
subsequent symptoms aie almost mvaiiably the same in all patients of 
Gioup 3 Before the patients developed the moie serious symptoms, 
they seemed unduly mtiospective and neivous They were irritable 
and conqilamed about tiifles which they had overlooked previously 
The fiist symptom to appeal was a distaste foi milk When patients 
^^ell established in then treatment began to complain that the milk was 
soul 01 distasteful, oi that it left a bad taste m the mouth, other 
complications weie expected to follow shoitly Milk is supplied to 
patients ni 18 ounce bottles Often patients complained that the second 
glass taken from the bottle seemed sour Milk from these bottles was 
often tasted b) a plnsician oi attendant and found to be sweet and 
quite palatable This symptom ma) be piesent thiee or four days 
befoie 011101“^ dexelop In some instances headaches come on almost 
''imultancou‘'h xxith the dislike foi milk, and at this stage it is usually 
difikult to peisuadc the patients to take then powdeis They are, 
howcxei not as distasteful to them as the milk 

Headache, an catl} sxmptom, is at hist a dull feeling described as a 
•'ensation of tightness m the nape of the neck oi the occipital region 
The pain max become xei) sexeie, extending to the tempoial aiea At 
other times the licadaHies. dull, boiing, thiobbmg, and intensified by 
c.ich heart heat, ongmate m the frontal or tempoial region The 
headache jieisists thiough the entire syndrome, becoming more severe as 
the subsequent complaints aiisc It is usually the last symptom to 
disajipear 

\Vitli the iiicrcaMiig dislike for milk, nausea becomes pronounced 
and the patient x omits on making efforts to take food or even water 
The xomiting may become alaimmg and is checked xvith difficulty 
usually onl} aftei icpeated gastiic lax^age 

Di77iness is a common symptom, even m the mildei cases Patients 
fiist complain of veitigo and a light headedness when attempting to 
XX .ilk or move If symptoms aie maiked, even turning the head from 
the pilloxv bungs on maiked veitigo and usually nausea and vomiting 

Aching pains in the muscles and joints xvas a common symptom , the 
distribution of the pain xvas indefinite and simulated that preceding 
influen 7 a Weakness, at first slight, became marked and, if measuies 
of relief xveie not piompt, absolute prostration folloxved lapidly 
Respiiations became sloxv, the pulse slightly accelerated, the face 
flushed, and perspiiation profuse The patients lay in bed limp, 
apathetic, and xeiy droxvsy, and xvere roused xvith difficulty When 
the symptoms reached the point of nausea and vomiting (with few 
exceptions), the alkalis xvere stopped and the patient was put on two- 
hour feedings consisting of milk, cereals, eggs, fruit juices, and meat 
broth Mhthin from txventy-four to forty-eight hours the symptoms 
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almost invariably disappeared In six instances it was necessary to 
continue this treatment with small doses of alkali one hour before and 
one hour after meals, because toxic symptoms recurred following 
attempts to place the patients on the Sippy regimen with alkalis every 
hour 

Laboiatoiy Evidence of Toxicity —Dnrmg toxic manifestations the 
blood urea increased from 50 to 296 mg for each 100 c c , the creatinm 
from 2 to 5 mg The carbon dioxid in the normal patients varied 
from 55 to 70 volumes per cent , in those exhibiting toxic symptoms 
it varied from 65 to 117 

Albumin 1 was in the unne of six patients on the date of examina- 
tion , pus 2 was found in two specimens In the second week, albumin 
2 was found in six specimens and albumin 1 m five Four specimens 
contained casts , eight, pus 1, and one, blood In the third week, five 
specimens contained albumin 1 , six, albumin 2, and one, albumin 3 
Two contained casts and three erythrocytes, four contained pus 1 
Albumin and casts were found at some time during the course of treat- 
ment m all of the sixteen patients of Group 3 

This IS m striking contrast with findings in Group 1 (sixteen milk 
control patients) , one had albumin 1 in the urine and two had albumin 
2 at the first examination At the end of the first week, two had 
albumin 1 and three had albumin 2 and, at the end of the third week, 
two had albumin 1 and three had albumin 2 At the first examination, 
one had casts and eight had occasional pus cells , one week later, one 
had casts and two had occasional pus cells , in the third week, one had 
casts and two had occasional pus cells The blood was normal 
(Figs 1 and 2) 

Of the sixteen patients of Group 2, six had albumin 1 in the urine 
and five pus 1 at the first examination In the second week, three had 
albumin 1, four, albumin 2, and two, occasional pus cells In the third 
week two had albumin 1, three, albumin 2, and two, occasional pus 
cells Casts were not found during the course of treatment 

The gastric acidity was not controlled in any of the cases of 
Group 3 , as a rule, it was high The average total acidity during the 
period of toxemia was 78 and the free hydrochloric acid was 48 The 
blood pressure remained normal m all except two cases in which it rose 
from 125 to 150 and from 140 to 160 systolic 

Case 1 IS typical of three cases of Group 3 The toxic manifesta- 
tions, laboratory data, and pathologic findings in this case led us to the 
supposition that the alkaline treatment may precipitate definite toxic 
symptoms in patients with renal disease This was further substantiated 
by the beharior of two other patients of Group 3, the urine of one 
(Case 2) appeared normal at examination, after a short period of 
treatment, the patient showed toxic manifestations, the blood urea rose 
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to 296 mg foi each 100 cc, the cieatimn to 5, and casts and albumin 
appealed in the mine The alkaline therapy had to be abandoned 
finally and a posterior gastro-enterostomy was perfoinied for the relief 
of the gastric symptoms The patient was last heard from in April, 
1921, and is apparently quite well In the other case, renal function 
uas vei} low, the right kidney was apparently not functioning because 
of tubeiculosis and there was definite pyelitis in the left kidney The 
patient A\as consideied a poor risk for surgery and, since he could not 
tolerate the usual amount of alkali, he was placed on a soft diet includ- 
ing ACgetable puiees and cooked fruits, with a small amount of alkali 
According to the last report, he had no gastric symptoms 



Fig 1 — Alkaline rcscr\c and blood urea in toxic and nontoxic cases Light 
lines, .nerage of sixteen patients who showed toxic symptoms, and heavy lines, 
a\eragc of sixteen patients nho did not show toxic symptoms 


In these thiee cases at least, we aie undoubtedly dealing with 
marked pathologic condition of the kidneys In all three cases, the 
gastiic acidity remained persistently high The average free hydro- 
chloric acid was 62, the average total acids, 102 The point is empha- 
sised that alakaline therapy directed toward the complete neutralization 
of gastric acidity is not only out of the question, but also harmful 
Cases 3, 4, 5 and 6 are typical of thirteen cases of Group 3, in 
which there was no clinical or laboratory evidence of nephritis or 
nephrosis at the onset of treatment Symptoms of varying degrees 
of toxemia associated with renal involvement became manifest within 
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a few days to a few weeks after tteatnient was instituted One can 
hardl} be justified in assuming that these patients had definite nephritis 
at the onset, but lather that renal disease with toxic manifestations 
was the result of the alkaline theiapy These patients daily received 
70 grams of sodium bicarbonate, 56 grains of heavy calcined mag- 
nesium, and 105 grains each of calcium carbonate and bismuth sub- 
carbonate Because of the persistently high acidity, from 70 to 210 
grains of calcium carbonate was gi\en daily in hourly dosages of fiom 
5 to 15 grains We have not definitely determined which one of the 
salts or metals is responsible for the toxemia Bismuth subcarbonate 
was not administered to two patients who developed symptoms of 
toxemia All alkalis were temporarily withheld from a third patient 



Fig 2 — A.lbumm, pus, and casts in the urine in toxic and nontoxic cases 
Light lines, average of sixteen patients who showed toxic symptoms, and heavj 
lines, average of sixteen patients who did not show toxic symptoms 

who became toxic while taking the usual combination of powders, but 
because of the resulting epigastric pain, three times the usual amount 
of sodium bicarbonate was given, without the lecuirence of toxic 
symptoms Recent unpublished experiments in the clinic indicate that 
the calcium ion is not the offender From these facts we are more 
inclined to regard the nonmetallic ions as being the cause of the 
toxicity, and perhaps to some extent the combination of heavy metals 
rather than any specific one The diet is not the cause, as none of the 
patients on the diet alone showed toxic symptoms 

The fact that in these cases the acids are persistently high brings 
up the question of variation in absorption or perhaps depletion of blood 
chlorid It IS highly conceivable that a condition simulating that pio- 
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clucccl mechaniCcilly by McicCalluin is being pioduced by cheiTiiCcil 
means These patients and patients with gastric tetany have similar 
blood findings with the exception that in the lattei there is a depletion 
of chloiids in the blood In the one instance in which a determination 
of the blood chlorid was made during a period of toxemia it was normal 
It IS not impiobable that these cases aie potentially gastric tetany, 
however, laboratory data as 3et do not justify such a conclusion 

The problem of wdiethei oi not tiue alkalosis is pioduced by the 
laigc amounts of alkalis given is yet to be solved The hydiogen ion 
concenticition was not determined in this study, although on the basis 
of the high carbon dioxid combining pow^ei of the plasma and the 
admimstiation of laige quantities of alkalis w^e feel justified in apply- 
ing the term alkalosis to the condition m this gioiip of cases 

COXCLbSIONS 

1 Patients with duodenal ulcer treated by the Sippy method may 
deielo]) definite s\mptoms of toxemia associated wuth lenal changes, 
increased blood uiea, and noimal oi increased caibon dioxid combining 
power of the plasma The gastric acidity during the period of toxemia 
IS usuall) noimal or theic is hypei acidity 

2 Patients with duodenal ulcer and lenal complications aie more 
mclmcd to de\clop these toxic manifestations and to a much greatei 
dcgi ce 

REPORl or CASES 

C\«:i 1 (\i-tSSI5) — Atr J D, aged 66 years, was examined m the Clinic, 
Fell 8, 1921 Tlie patient complained of indigestion of fifteen gears’ duration 
Pii’i'iou^ — He Ind had rheumatism and diphtheria Attacks of gas 

on the stomach for from two to three hours after meals, relieved by soda or 
^omltmg had occurred c\cr\ month or tw^o For the last five years the attacks 
had lieen more st\erc and prolonged In August, 1920, he had vomited dark 
coffee-ground material every few' hours for three days Toward the end of 
the alt ick clotted blood and mucus appeared m the vomitus The stools had 
been tarri In Noiembci, he had had a similar attack of three da 3 's’ duration 
lie liad been sceercly constipated lie had had one tender spot to the right 
of the middle line half wav between the ensiform cartilage and the umbilicus 
and another cm below and 5 cm to the left of the umbilicus Recently he 
had felt considciable pain across the middle lumbar region He had been on 
a milk diet 

lAaiiitiiahou —The patient was pale, he had pj'onhea, arteriosclerosis, 
nnkilosis of the left wTist, and double inguinal hernia There was no tender- 
ness in the abdomen The systolic blood pressure w'as 140, the diastolic 75, 
the pulse was 92 and the temperature 97, hemoglobin was 48 per cent, the 
er\throc 3 lcs numbered 3,080,000 and the leukoevtes 6,200 The specific gravitv 
of the urine was 1013, the reaction acid, there w'cre a few pus cells 
Rocnlgcn-ray examination showed a duodenal ulcer and retention Grade 2 The 
patient w-eighcd 168 pounds The diagnosis w'as duodenal ulcer and secondary 
anemia Febi nary 9, the patient was sent to the hospital for treatment 

Com —The patient w'as put on the alkaline treatment and was free from 
untow aid symptoms for fifteen da 5 's February 26, he became stuporous 
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Gastric analysis showed total acids 116 and free hydrochloric acid 100 A 
second analysis, February 27, showed total acids 70 and free hydrochloric 
acid 42 March 2, the patient’s general condition was much worse The blood 
urea was 134 for each 100 c c and creatinin 4 3 The carbon dioxid combining 
power of the plasma w^as 100 volumes per cent There was slight tetany in 
the arms and hyperstatic congestion in the lungs The systolic blood pressure 
w'as 160, the diastolic pressure w'as 60 March 3, the condition was similar 
j\Iarch 5, the blood urea had increased to 212, creatinin to 42 and the carbon 
dioxid combining power of the plasma to 112 March 7, the patients condi- 
tion was worse and, March 12, he died 

Ncaopsy Rcpoit — At necropsy duodenal ulcer and subacute nephritis associ 
ated with bilateral bronchopneumonia, tumor of the spleen, moderate prostatic 
hypertroph}^ dental sepsis, and generalized arteriosclerosis w'ere found Some 
of the blood a essels of the kidne} w^ere sclerosed and there w'as interstitial, 
focal, and diffuse l 3 'mphocytic infiltration The glomeruli varied greatly in 
size Some had lost their normal structure, while others were completely 
sclerosed Most of the capsules w'ere thicker than normal Most of the 
aheolar lumina of the lungs were filled with an exudate of erythrocytes, serum, 
and desquamated epithelial cells The bronchi w'ere filled with purulent exudate 
There was slight hypertrophy of the muscle fibers of the heart The liver w'as 
characterized by a marked increase m intralobular tissue and vacuolated hepatic 
cells The normal pancreatic tissue was largelj"^ replaced by interlobular tissue 
The suprarenal capsule w^as somewhat thickened 

CvsE 2 (A373290) — Mr G W, aged 38 years, came to the Clinic, Sept 26, 
1921, complaining of indigestion of three j^ears’ duration 

Picinous Histoiy — ^Attacks of indigestion, which came on two to three hours 
after meals, w'ere relieved by soda or food Following a j'ear of freedom from 
symptoms the patient had a recurrence seven weeks before examination This 
attack began with vomiting following a hearty meal and he had since vomited 
occasionally Pam, w'hich w'as localized in the epigastrium, had invariably been 
rebel ed by vomiting, or by taking a glass of milk or sodium bicarbonate The 
patient lost about 26 pounds in eight weeks, at the time of examination he 
w'eighed 156 pounds 

E\amination — The skin of the patient’s face show'ed smallpox marks, and 
three areas of lupus erythematosus w^ere noted on the cheeks and lip The 
teeth and tonsils w’^ere septic The epigastrium was tender to touch There 
were large external hemorrhoids The blood pressure w^as 130 systolic and 
90 diastolic The pulse w'as 96, and the temperature 99 F The specific 
gravity of a twelve-hour specimen of urine wms 1 020, the reaction acid Blood 
urea was 246 mg A diagnosis of duodenal ulcer was made 

Com sc — Oct 3 1921, the patient was placed on medical treatment At 
midnight he had pain in the epigastrium , milk tasted sour at this time 
October 5, he felt well The followung da}”^ he complained of epigastric pain, 
and more or less nausea, vomiting, and headache until October 28 Symptoms 
w^ere imariabty precipitated by an attempt to neutralize the gastric acidity by 
the usual Sippi treatment Forcing alkalis three times led to extreme nausea, 
vomiting, and prostration Blood urea on two occasions was 168 and 296 mg 
A twelve-hour specimen of urine had a specific gravity of 1012, acid reaction, 
albumin 2, and hyaline and granular casts 1 

A posterior gastro-enterostomy under local anesthesia revealed a calloused 
ulcer of the duodenum about 1 5 cm below- the pylorus , this had caused 
moderate obstruction Convalescence was unev-entful Blood urea dropped 
to 84 mg 

Case 3 (A383699) —Air H C , aged 26 >ears, was examined in the Clinic, 
Feb 8, 1922 

Picvions Histoiy—ln August, 1918, he began to have dull aching pains 
in the epigastrium from tw-o to three hours after meals , the pain was relieved 
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by food, alkalis and belching He had had persistent diarrhea for one year, 
and occasional headaches for the last few months associated with dizziness, 
tinnitus and pain in the scrotum 

Examination — The patient weighed 162 pounds His skin was dry and 
rough He had marked dental sepsis The right lobe of the thyroid was 
slightly enlarged There was tenderness on pressure above the umbilicus The 
systolic blood pressure was 128, the diastolic was 80, the pulse was 80 and the 
temperature 98 6 F The specific gravity of a twelve-hour specimen of urine 
was 1027 and the reaction acid Microscopic examination of the urine w'as 
negatne The hemoglobin was 73 per cent, the leukocytes numbered 5,400 
Gastric analysis rc\ealed total acids 78 and free hydrochloric acid 58 
Roentgen-iai examination of the teeth showed a slight periapical infection, and 
of the stomach, duodenal ulcer 

Com Si — Feb 10, 1922, the patient was admitted to the hospital for treatment 
of the ulcer After fifteen days of the Sippy treatment he was given an 
additional 5 grains ot calcium carbonate hoiirh, wdiereupon he began to have 
headaches and was nauseated Febriiarj' 26, gastric analysis revealed total acids 
84, and free Indrochloric acid 60 February 27, a distaste for milk was mani- 
fested Examination of a single specimen of urine show'ed specific gravity 
1011, reaction acid albumin 1, and occasional erythrocj’tes and pus cells 
Februarv 28, he was shghth diz/j , gastric analysis show'ed total acids 60 and 
free Indrochloric acid 20 Blood urea was 38 mg for each 100 cc and blood 
chlorids 600 Carbon dioxid combining pow'cr of the plasma w^as 83 volumes 
per cent and phenolsulphonephthalein return 35 per cent j\Iarch 1, severe 
occipital headache with nausea and vomiting and piofuse perspiration came on 
1 he pun 111 the epigastrium was slight, the patient appeared drowsy Alkaline 
treatment was discontinued, the stomach lavaged, and tw'o-hour feedings of 
orange juiee, cereals, and meat broths were given At this time the blood urea 
was 62 mg for each 100 cc blood chlond 630, and the carbon dioxid combining 
power of the plasma 78 \olumes per cent The specific gravity of the urine 
was 1 013 and the icaction alkaline, it contained albumin 2, hyaline and granular 
casts and a few pus cells March 2 the patient felt much better The 
specific gra\ity of the urine was 1015, and the reaction acid, it contained 
aliitirnm I but ncithei c.ists nor pus cells March 8, the patient w^as completely 
rehexed of sjmptoms, although the acidity of the gastric contents was high, the 
total acids 118 ind fice Indrochloric acid 106 The patient w'as dismissed from 
observation 

C\si 4 ('\ 354758) — Mr M R T, aged 41 years, came to the Clinic, April 7, 
1921, complaining of pain in the epigastrium In 1910, he had had gonorrhea 

Prcvioii’i Htiloiy — For the last five years, intermittent attacks of pain, 
occurring one to two hours after meals and localized about 4 cm above the 
umbilicus, had been relieved by food or sodium bicarbonate 

Exaniiiiatioii — The patient appeared well developed and weighed 138 pounds 
The blood pressure was 120 systolic and SO diastolic, the pulse was 76 The 
hemoglobin was 80 per cent and the leukocytes numbered 13,400 A Wasser- 
mann reaction on the blood was negativ'e The tonsils, wdiich were septic, 
were removed April 14 A twelve-hour specimen of urine showed specific 
gravity I 029, reaction acid, and an occasional pus cell The blood urea was 
34 mg and the carbon dioxid combining power of the plasma was 65 volumes 
per cent Gastric analysis revealed total acids 54 and free hydrochloric acid 44 
The roentgen raj' revealed duodenal ulcer 

Medical treatment was instituted May 1, and the patient remained 
free from sj'inptoms foi one week May 9, he complained of nausea and 
A'crtigo, and two days later he vomited He said he could not tolerate milk 
May 13, additional alkalis were given, as the acids had not been controlled 
The nausea and vomiting continued until May 16, when treatment was 
temporarily stopped and frequent small feedings were given During the period 
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of toxic symptoms free hydrochloric acid laried from 20 to 32, the blood urea 
rose from 40 to 70 mg and the carbon dioxid combining power of the blood 
plasma was 70 volumes per cent Examination of the urine showed specific 
gravity 1 009, reaction alkaline, and albumin 1 

Case S (A357910) —Miss M H , aged 25 years, came to the Clinic, May 12, 
1921, complaining of attacks of indigestion of two years’ duration 

Picvwus Histoty — For intervals of one to three months she was well The 
attacks, which terminated in vomiting, were accompanied by pain and soreness 
m the epigastrium, sour stomach, and heartburn Occurrence of the distress 
bore no relation to feeding 

Erammatwn — The patient weighed 111 pounds and was 5 feet, 4 inches tall 
The blood pressure was 120 s 3 stohc and 80 diastolic, the pulse was 72 Hemo- 
globin was 73 per cent and the leukocytes numbered 5,900 Examination of a 
twelve-hour specimen of urine showed specific gravity 1 029, reaction acid, and 
an occasional pus cell Gastric analysis revealed total acids 88 and free hydro- 
chloric acid 50 A lesion at the outlet of the stomach was demonstrated by the 
roentgen ra}', and a diagnosis was made of pyloric ulcer 

Couise — May 18, the patient was placed on Sippy treatment and remained 
free from symptoms for two weeks June 1, she complained of nausea and 
slight headache, and in the evening she vomited Gastric analysis showed total 
acids 18 and free hydrochloric acid 0 Blood urea was 64 mg The urine had 
a specific gravity of 1 006, reaction alkaline, and albumin 1 Alkalis were 
discontinued for one day , the symptoms cleared up and did not return when 
the treatment was resumed 

Case 6 (A355435) — Mr A B , aged 24 years, came to the Clinic, April 15, 
1921 complaining of a gnawing pain in the epigastrium 

Picvious Hjstoiy — An appendectomy had been performed in 1919 Since 
December, 1920, he had had two attacks of epigastric pain coming on two hours 
after meals, and readily relieved by a glass of milk 

Examtnation — The patient appeared well developed and weighed 140 pounds 
A definite area of tenderness was present in the epigastrium The blood 
pressure was 115 systolic and 70 diastolic, the pulse 84 The tonsils were 
septic Examination of a twelve-hour specimen of urine (500 c c ) showed 
specific gravity 1 032, reaction acid, and an occasional pus cell The blood 
urea was 28 mg and the carbon dioxid combining power of the blood was 
68 \olumes per cent Total acids were 32, and free acids 22 A diagnosis 
of duodenal ulcer was confirmed b}' the roentgen ray 

Coil) sc — Medical treatment was instituted April 18, and the patient remained 
free from symptoms for seventeen days May 4, he complained of dizziness 
and nausea, and later he vomited The specific gravity of the urine was 1 011 
and reaction acid, there was albumin 2 with casts 1 The blood urea was 
84 mg and the- carbon dioxid combining power of the plasma 84 volumes per 
cent Nausea and dizziness subsided within two days when alkalis were dis- 
continued and SIX daily feedings of milk toast, vegetable purees, and custards 
were given Mav 10, treatment w'as resumed and the patient had no further 
svmptoms 



A SIMPLE IMMERSION ELECTRODE FOR TAKING 
CLINICAL ELECTROCARDIOGRAMS 

HAROLD E B PARDEE, AID 
New ^ORK 

Because of its simplicity and ease of operation, and because it has 
certain technical ad^antages, I wish to desciibe an electiode for use 
when taking electrocaidiograms of ambulatoiy patients Electrodes 
consisting of a metal plate bound to the extremity by bandages uet 
AMth hot salt solution aie commonly used for bed patients,^ but for 
ambulator} patients the zinc — zinc sulphate — salt solution type of non- 
polanzable electrodes aie recommended- These latter are a quite 
unneccssar} complication of the technic The simple electrode to be 
described will take technically pei feet records 

It consists of a glass tank foi each extiemity, that for the arms 
being a cyhndei about 7 x 10 inches and that for the leg being rect- 
angular, about 7 x7 X 12 inches (a fish aquarium) In these are stood 
metal plates 4 inches wide and extending up above the top of the tank, 
to ^\hlch plates the wiies fiom the gahanometer aie attached Plates 
of lead have the advantage of being least corrosive but any metal 
t\ould do 

Into each tank is pouicd a concentiated solution of sodium chlorid 
(fiom 10 to 20 pci cent ) to the depth of about three inches This 
should be heated before being placed in the tank to about as high a 
temjieraturc as can be borne without discomfort by the skin of the hand, 
for this will help to ensure a low resistance of the patient’s skin to the 
clectiic current, probabl} by dilating the capillaries 

The patient sits eiect or is semii ecumbent in a comfoi table chair 
and places each hand and the left foot in the solution of the appropriate 
tank He must be comfortable, and more oi less relaxed physically in 
order to a\oid the fine movements of the stiing which arise from the 
activity of the voluntary muscles Physical lelaxation demands that 
the patient shall not have to hold the elbows to keep from pressing 
his knuckles heavily against the bottom of the tank, or to hold the 
fingers extended to reach down into the salt solution, so provision must 
be made for raising oi lowering the level of the tanks for the hands 
Placing them on a screw top stool is faiily satisfactory, or on a pile 
of wooden blocks each inches thick 

1 James, W B , and Williams, H B The Electrocardiogram in Clinical 
Aledicme, Am J At Sc 140 408, 1910 

2 Lewis, T Alechanism and Graphic Registration of the Heart Beat, 
London, 1920 
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The patient’s skin should not come in contact with the metal plate 
for this will cause a large cuirent in the galvanometei circuit which 
must be compensated foi by the opeiator These electiodes do not 
introduce an erior due to polaiization, although they aie, technically, 
polarizable electiodes The surfaces in contact with the solution are 
so infinitely large in pioportion to the electric cui rents encountered that 
the error due to polarization is reduced to less than a detectable amount 
The situation is the same as has been shown to be the case for the 
bandage electrodes ^ 

There is one othei featuie about these electrodes which is a great 
point in their favor The overshooting which comes from a high resist- 
ance of the patient’s skin to the passage of the electiic current is a 
much less frequent occurrence than when bandage electrodes are used 
The resistance tends to be lowei, possibly because of the different 



The vertical lines measure off time intervals Between each line is 004 
second and between each accentuated line is 0 20 second (one fifth) Hori- 
zontal lines measure the strength of the electricity Each of the senes of 
steps IS due to a difference of 1 millivolt (0 001 volt) introduced in the circuit 
and IS seen to be very close to 1 cm Each of the horizontal lines is 1 mm 
apart A deflection of 1 cm then equals 1 millivolt 

character of the skin of the hands and the foiearms, the foot and the 
leg, and even with the same resistance, the overshooting is less I am 
unable to offer an explanation of this but it is a common observation 
The resistance may be as high as 6,000 ohms and yet the overshooting 
is negligible, whereas with large Geiman silver plates and bandages 
the overshooting may be great with only 2,500 ohms resistance 

The accompanying illustration is an electiocaidiogram taken by 
Lead II, with these electrodes, the upward and downward stepping 
of the base line being caused by the operator tuining in and out of the 
circuit containing patient and galvanometer potential differences of 1 

3 Pardee, H E B An Error in the Electrocardiogram Arising m the 
Application of the Electrodes, Arch Int Med 20 161 (Aug ) 1917 Cohn, A E 
A New Electrode for Use in Clinical Electrocardiography, Arch Int Med 
26 105 (July) 1920 
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millnolt It will' be seen that the steps show no sign of overshooting, 
gning a cleai sharp ending at almost as neai a right angle as at their 
heginning When the control ctiive shows this shaip angled ending 
^Mtholll OAershooting we know that polaiization is not piesent, that 
the recoid is fiee fioin any eiioi fiom this souice, and likewise that 
the skin resistance is lo\\ 



PAROXYSMAL VENTRICULAR TACPIYCARDIA 


REPORT or ONE CASE WITPI NORMAL TYPE OE AURICULAR MECHAN- 
ISM AND THREE Wlfll AURICULAR FIBRILLATION 

C C WOLFERTH, M D and THOMAS M McMILLAN, M D 

PHILADELPHIA 

Paroxysmal tachycardia of ventricular origin is one of the rarest 
disturbances of the cardiac mechanism The first case with electro- 
cardiographic tracings was recoided by Lewis ^ in 1909 Robinson and 
Herrmann ^ i ecently reported four cases and discussed the criteria on 
which the) consider a diagnosis justifiable The points emphasized by 
these authors may be stated briefly as follows 

1 Elect! ocardiograms are necessary to differentiate ventricular 
tachjcaidias from those of auricular origin 

2 The condition is most clearly shown when a succession of auricu- 
lar complexes can be made out occurring independently of and at a 
slower rate than the complexes of ventricular origin 

3 The ^entrlcular complexes aie distinctly abnormal in form, but 
this alone cannot be taken as absolute proof that the impulses are of 
ventricular origin, as changes in form may be caused by disturbances 
in intraventricular conduction 

4 The piesence of isolated ectopic ventricular beats before or after 
a paroxysm is regarded as evidence in favor of the tachycardia being 
of ventricular origin, especially when the form of the complexes of the 
isolated beats is the same as the form of the paroxysm 

Lewis ® has pointed out that in certain cases, tracings showing the 
beginnings of paroxysms are of great value in determining the origin 
of the abnormal beats He states that several of the cases published are 
clear instances of paroxysms arising in the ventricles and are unmis- 
takable because the first beat of the paroxysm has the same relations to 
the pieceding noimal rhythm as has a ventricular extrasystole 

’'From the William Pepper Clinical Laboratory, University of Pennsylvania 
and the Division of Cardiology jf the Laboratory of the Philadelphia General 
Hospital 

1 Lewis, T Single and Successive Extrasystoles, Lancet 1 384 (Feb 6) 

1909 

2 Robinson, G C, and Herrmann. G R Paroxysmal Tachycardia of 
Ventricular Origin and Its Relation to Coronary Occlusion, Heart 8 59 (Feb I 
1921 

3 Levis, T The Mechanism and Graphic Registration of the Heart 
Beat, London, 1920 
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Robinson and lienmann, leviewing the cases previously reported, 
accept six as undoubted instances of ventiiculai tachycardia These 
are the two cases of Lewis, ‘ and one each of Hait,"' Buttei field and 
Hunt,''’ Vaughn" and Willius Cohn’s case'’ is also an undoubted 
instance of tlie condition Since Robinson and Heirmann’s papei, th.ee 
clear cases have been published by Gallavardin,^" two by Singei and 
Winteiberg,” one by Marvin and White and one by Dieuaide and 
Dacidson Singei and Winteiberg designate the abnormal mechanism 
in one of then cases as extiasystolic arrhythmia bordering on paiox- 
ysmal taclncaidia, but some of the peiiods of rapid rhythm, they state, 
persisted foi at least 60 successive beats The case should, therefore, 
be classed as one of paioxjsmal tachycardia The tiacing of Dieuaide 
and DaMclson s patient, taken five hours before death, shows an abrupt 
transition during complete heart block from a typical slow ventriculai 
rate and complexes of supiaveiitriculai type to a lapid regulai rhythm 
of ^entllcular origin Bishop^* has lecently published tracings of a 
case (Case 1) m which the form of the ventiicular complexes suggests 
that tlic beat is arising in a ventricle, but no othei evidence m favor 
of that Mew is ofiered A ventriculai oiigin of the abnormal rhythm 
IS aBo suggested b} the foim of the tentncular complexes m the trac- 
ings published bt Barcioft, Bock and Roughlon in connection wuth 
the report of their studies of respiration and blood flow during parox- 
}smal tach}cardia 


4 Lewis, 1 TIic Mechanism of the Heart Beat, London, 1911 

5 Hart, S ParoMsmal Tachycardia, Heart 4 128 (Nov 30) 1912 

6 Butterfield, H G, and Hunt, G II Observations on Paroxysmal 
laclncardia. Quart J M 7 209 (April) 1914 

7 Vaughn, W T A Study of Paroxysmal Tachycardia with Especial 
Reference to Taclncardia of Ventricular Origin, Arch Int Med 21 381 
(March) 1918 

8 Wiilius F Parox\sinal Tachycardia of Ventricular Origin, Boston 

M ^ S J 178 40 (Jan 10) 1918 

9 Cohn, '\ E The Present Status of the Electrocardiographic Method 
in Clinical Medicine, Am J M Sc 151 529 (April) 1916 

10 Gall.nardin, L Tachycardie Paroxystique Ventnculaire, Arch d 
mal dll coeur 13 121 (March) 1920 Tachycardie Ventnculaire Terminale, 
'\rch d mal du coeur 13 207, 210 (May) 1920 

11 Singer, R, and Winterherg, II Chinin als Herz- und Gefassmittel, 
Wien Arch f inn Med 3 329 (Nov 15) 1921 

12 Marein, H M, and White, P D Observations on Paroxysms of 
Tach 3 'cardia, Arch Int Med 29 403 (April) 1922 

13 Dieuaide. F R, and Daeidson, E C Terminal Cardiac Arrhythmias, 
Arch Int Med 28 633 (Nov) 1921 

14 Bishop, L F Early Signs of Fibrillation of Ventricle as Shown by 
Occurrence in Electrocardiogram of Periods of Ventriculai Tachycard a, Ann 
iMed 1 58 (April) 1920 

15 Barcroft, J, Bock, A V, and Roughton, F J , Observations on the 
Circulation and Respiration in a Case of Paroxysmal Tachycardia, Heart 9 / 
(Dec 14) 1921 
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In. the cases thus fai leported, four types of auricular mechanism in 
association with the tachycardia have been recog'nized These are 
(1) the normal type of auriculai action in which the auricles are beating 
independent!}' of and at a slower rate than the ventricles , (2) retiograde 
auriculai beats due to the stimulation of the auricles from the ventricles , 
(3) auiiculai fluttei and (4) atiiicular fibrillation In some tracings, 
no waves due to auricular activity can be identified 

The combination of auricular flutter or fibrillation with paroxysmal 
ventricular tachycardia is extiemely rare (except when the latter is 
caused by drugs), only one case of each having been leported, both by 
Gallavaidin Dieuaide and Davidson obtained a series of ectopic ven- 
tricular beats during the course of auricular fibrillation in a patient a 
few minutes before death While the rate in their case was scarcely 
rapid enough to be classed as a tachycardia, it would appear that the 
mechanism was essentially the same as that found in paroxysmal ven- 
tnculai tachycaidia This view is supported by the fact that biief senes 
of ectopic ventricular beats of infrequent rate nere also observed in 
Gallavardin’s case of auricular fibrillation and paroxysmal ventricular 
tachycardia and in our Case 2 to be described later 

REPORT OF CASES 

CA.sn 1 — M H , negress, 20, a waitress, was admitted to the medical division 
of the University Hospital, Jan 22, 1913, complaining of shortness of breath 
and palpitation of the heart She stated that she had been “short-winded” as long 
as she could remember but otherwise had been as well as usual until five days 
before admission when suddenly, while working, she felt her heart beat, became 
weak, dizzy and short of breath and had a pain in her head She also had a 
smothering sensation when she lay flat These symptoms continued up to the 
time of her admission She thought her abdomen had swollen since she had 
become ill 

Ptcviou^ History — She gave a history of having had measles, mumps, 
chickenpox, pneumonia, bronchitis and typhoid but no rhematism, chorea, ton- 
sillitis or scarlet fever There was nothing of importance in the social and 
family history 

Physical Exaimnahon — The physical examination on admission showed slight 
cjanosis but no respiratory distress Vigorous rapid pulsations in the neck 
were noted The heart was definitely enlarged with a transverse measurement 
of 17 cm No murmurs were heard The cardiac rate was 190 Moist rales 
IV ere heard at the bases of both lungs The liver extended 4 cm below the 
costal margin in the right midclavicular line and there was marked tenderness 
over it There was slight pretibial edema 

Com se — The rapid heart action lasted until fourteen hours after admission 
when the rate dropped to 82 During the next few days there were numerous 
extrasvstoles and at times a bigeminal pulse Five days after admission there 
was another attack of tachycardia, which lasted sixteen and one-half hours, and 
two days later a third attack, lasting five hours During the remainder of her 
stay in the hospital, a period of three weeks, there were no further attacks but 
extrasvstoles were constantly noted At the time of her discharge, she felt 
quite as well as she had before the onset of her illness 

Laboiatoiy Examination — Examinations of the blood and urine showed 
nothing of importance The Wassermann reaction was negative 
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Electiocarcliograms weie made by Dr Thomas Cope both during the periods 
of tachycardia and m -the intervals A tracing made during a period of tachy- 
caidia (Fig 1) shows ventricular complexes of a distinctly abnormal type 
In Lead 2, ua\es due to the auricular activity can be made out and it is seen 
that the auricular contractions are occurring independently of and at a slower 
rate than the Aentricular In Figure 2, made during a period of slower heart 
action, IS sliown the supraventricular type of ventricular complexes There are 
present a number of extrasystoles mostlj'' auricular in origin None of the ven- 
tiicular complexes are similar to those found during the period of tachycardia 

C\sr 2 — W N, a white male, aged 61, was admitted to the Philadelphia 
General Hospital Feb 1, 1922, showing the signs of some grave disturbance of 
the circulation The breathing was Cheyne-Stokes in type 

Pi cz tons Hiztoiy — The patient was dull, stuporous and quite irrational, and 
for this reason a precise history could not be obtained However, it appeared 
that he had been breathless on rather moderate exertion for at least seven 
\cars, and at times had had edema He had been able to continue his work 
as a motorman until Oct 1, 1921, when he had to give up on account of breath- 
lessness, cough and edema No information could be obtained as to whether 
these svmptoms had come on suddenly or not The rest of the history elicited 
was unimportant except for a questionable attack of rheumatic fever at 25 

Physical E-iaiitiiialton — On examination, there was found to be extensive 
edema of the legs including the thighs, and also of the abdominal walls There 
were signs of fluid in both pleural spaces, and questionable signs of ascites 
The Incr was grcatlv enlarged The cardiac apex impulse w'as located in the 
fifth interspace 4 cm outside the nipple line and 12 5 cm from the midclavicular 
line No murmurs were heard On admission, the cardiac rhythm was found 
to consist of periods of rapid regular action w'lth a rate of 164, followed by 
periods of iricgular rhythm wnth a rate varsing between 48 and 60 The two 
types of rinthm seemed to share the cardiac action about equally, each lasting 
usually from one to two minutes The periods of tachycardia began and term- 
inated abruptly The pulse w'as barely perceptible and there was a large pulse 
deficit 

Laboi alo) y Eiainvwttoit — The urine show'ed signs of renal congestion, there 
being a cloud of albumin with a moderate number of casts The specific gravity 
was I 024 The blood urea nitrogen was 20 mg per bundled cubic centimeters 
The blood Wassennann w'as negative 

Ticaimcnt — At tlic time of admission, a clinical diagnosis of auricular flutter 
W'as made, tlie periods of slow irregular heart action being attributed to varjmg 
degrees of A-V block Accordingly the patient w'as given 4 c c of the tincture 
of digitalis followed six hours later by a similar dose An electrocardiogram 
obtained eight hours after admission showed that the cardiac mechanism was 
slow' auricular fibrillation interrupted by paroxysms of tachycardia with com- 
plexes of the ventricular type The administration of digitalis was discontinued, 
and as far as could be determined, the medication did not influence the cardiac 
action in any w'ay The alternation of rapid regular and slow irregular action 
persisted as long as the patient lived 

The paroxysms of tachycaidia were never of very long duration, the longest 
one timed being four minutes As far as could be determined, there was no 
greater circulatory embarrassment during their presence than during the periods 
of slow' rhythm The patient w'as, however, conscious of the rapid beating of 
his heart His condition gradually grew worse Large amounts of fluid were 
removed from both sides of the chest but without improvement The mental 
state became more confused, restraint being required to keep him m bed 
February 8, following a violent vomiting spell, sudden death ensued 

The Electrocai diagrams— Isiziny tracings w'ere made fiom which have been 
selected those presented m Figures 3, 4, 5, 6 and 7, to illustrate the types of 
cardiac action observed During the periods of slow irregular ventricular 
activity (Figs 3 and 4) the attiicles are observed to be fibrillatmg There are 









Tracing made during an interval between attacks of tachycardia Numerous extrasystoles, mostly of supraventric- 
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numerous complexes of ventricular type , they are more frequent m some tracings 
than m others but at no time were more than six sequential complexes of supra- 
ventricular type recorded In nearly every instance each beat of \entricular type 
IS paired with the preceding beat in such a way that their relations are practically 
identical with those of the other couples in the same tracing The time intervals 
between the first and second beats of the couples do not vary more than 0 01 or 
002 second in any electrocardiogram, although slightly greater variations are 
observed in tracings made at different times Occasionally all the beats were 
coupled (Fig 5) and gave an element of regularity to the arrhythmia 

During the periods of tachycardia (Figs 4 and 6) all the complexes are of 
ventricular type and similar in form to the second of the paired beats Figure 
4 shows the onset of paroxysms In each instance, the relations of the first 
complex of ventricular type initiating the paroxysm to the preceding supra- 
ventricular complex are the same as those of paired beats, and the time intervals 
are the same 

All tracings of the first few beats of paroxysms show slight irregularity 
of ventricular action This is more marked in some paroxysms than others and 
in Figure 6 an extreme instance of this irregularity is seen In the short 
paroxysms, the ventricular action was slightly arythmic throughout but in the 
longer ones, it invariably settled down to a perfectly regular rhythm At the 
offset, there tended to be slight slowing (Fig 4) which was particularly marked 
in the last cvcle before the resumption of the slow action 

C\sr 3 — E J, white, male, aged 18, was admitted to the Medical Division 
of the University Hospital Sept 10, 1921, complaining of weakness and swelling 
of the abdomen and legs He stated that at the age of 5 he had had an attack 
of acute articular rheumatism which kept him m bed for several months He 
recorered entirely but three years later had an illness in which there was 
high fever and his heart was affected After tins he was always weak and had 
palpitation on exertion From the age of 13, there were periods of cardiac 
breakdown every year which kept him away from school for a part of the time 
The attack which brought him to the hospital was worse than any of the pre- 
vious ones and instead of improving after rest in bed as he had done before, 
he gradually lost ground during a period of three months He was very weak 
and short of breath and troubled by palpitation There had been increasing 
swelling of the legs and abdomen and shortly before admission, of the left arm 

Physical ExammaUon — The patient was a fairly well developed boy for 
his age He was orthopneic and somewhat cyanotic There was marked 
edema of the legs and flanks The left arm was greatly swollen, but the right 
appeared normal There was a small aneurysm of the outer end of the 
innominate arter}"'” The liver was markedly enlarged and there was moderate 
ascites The heart was tremendously enlarged, the area of percussion dulness 
extending from 6 cm to the right of the midsternal line to the left midaxilla 
There was a short systolic murmur at the apex The ventricular action 
appeared to be totally irregular except for occasional runs of regular rhythm 
lasting a few seconds to nearly a minute The rate during these periods of 
regular rhythm was counted a number of times and was always found around 
140 During the periods of irregular rhythm, the rate was much slower 

Laboratory Evammahon — ^The urine showed a cloud of albumin and 
numerous hyaline, light and dark granular casts The phenolsulphonephthalein 
excretion in two hours was 25 per cent , and the blood urea nitrogen 
60 mg per hundred cubic centimeters The blood count was normal, except for 
a slight leukocjdosis of 12,900 The blood Wassermann was negative 

Com The patient remained in the hospital for ten days, but after the 
second daj^ no more of the short runs of regular tachycardia were noted and 
the ventricular action appeared to be continuously irregular Digitalis was 
used freely but apparently without effect He died ten days after leaving 
the hospital 


16 To be reported elsewhere 



1 VOLFER TH-McMILLAN—TA CHYCA RDM 


191 



Fig 3 — Case 2 Auricular fibi illation, slow ventricular rate and one com- 
plcv of vcntriculai t\pe The usual tj'pe of cardiac action observed between 
parowsins of taclncardia 



I-jg 4 — Case 2 Leads I and IT show the onsets of paioxysms and Lead III 
an oflsct The paro\\sms are initiated by two beats identical in their relation- 
ships with the isolated coupled beats The rhythm at the beginning of 
paroxjsins is not quite legular There is lengthening of the last cycle before 
tlie oft set 



Fig 5 — Case 2 Continuous tiacing, Lead III Five pairs of coupled beats 
111 succession, an isolated complex of ventricular type and a shoit paroxysm 
initiated bj a pair of coupled beats The shoit paroxysm is quite irregular 



Pig 6 —Case 2 Continuous tracing, Lead III Unusual duration of 
irregularity at the beginning of one of the longer paroxysms 
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Chmcal Chronic rheumatic myocardial disease, cardiac failure, 

passive congestion , thrombosis of the left axillary vein , aneurysm of the 
innominate artery, probably mycotic in origin, chronic diffuse nephritis The 
clinical diagnosis of the arrhythmia was auricular flutter, the periods of regular 
rlnthm being interpreted as two to one A-V block This view was favored 
by the fact that, on the day of admission, having the patient sit erect was 
often followed by short periods of regular tachycardia with a rate always 
around 140 

Elccti oca) dwgi ams — Th&se showed that the clinical diagnosis of the 
arrhythmia was incorrect All the tracings made except one showed auricular 
fibrillation and occasional complexes of ventricular type The one unusual 
tracing (Fig 8) shows the end of a period of rapid regular rhythm with com- 
plexes of ventricular type At the offset of the paroxysm, auricular fibrillation 
IS again evident The tracing also shows three pairs of coupled beats shortly 
after the termination of the paroxysm The time intervals between the first 
and second of the paired beats w'ere 043, 042 and 0 43 second, respectively 
The form of the complexes of isolated beats of rentricular type, the paroxysm 
of tachycardia and the second of the paired beats following the paroxysm are 
all the same The cardiac rate during the paroxysm was 136, the length of the 
ventricular cycles being 044 second 



Fig 7 — Case 2 Leads I, 11 and III Brief periods of successive beats of 
ventricular type recurring slowly and somewhat irregularly 


Case 4 — E W , a woman, aged 58, was admitted to the medical Division 
of the University Hospital July 3, 1921, complaining of goiter and swollen legs 
She stated that she had first noticed enlargement of the neck about seven 
years previously and for five or six years had had some difficulty in swallowing 
For a few months before admission she had been nervous, suffered from 
cardiac palpitation, precordial pain and a feeling of oppression and shortness of 
breath on slight exertion She had lost 17 pounds in the last ten months before 
admission 

Physical Examination — She was a moderately emaciated woman appearing 
to be about the age stated The thyroid gland was enlarged, particularly the 
right lobe In the region of the isthmus, there was a mass the size of a 
rvalnut and directly above a small mass apparently attached to the larynx 
The heart was greativ enlarged and had a transverse measurement of 16 cm 
There was a systolic murmur at the apex The rate was very rapid and the 
rhythm apparently totally irregular A few crackling rales were heard at the 
bases of both lungs, the liver was enlarged and there was moderate swelling 
of the legs 

Labo) ato) y Examination — The blood and urine examinations showed nothing 
of importance The metabolic rate was 37 7 per cent above the normal The 
blood Wassermann w'as strongly positive 

Clinical Diagnosis — Sy^philis, adenoma of thyroid, chronic myocardial disease, 
cardiac failure with passive congestion and auricular fibrillation > 
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An clcctrocai diogram (Fig 9) confirmed the diagnosis of auricular fibril- 
lation, but showed in addition a parov\sin of six rapidly recurring beats in 
Avbich the complexes were of ventriculai type An isolated complex of the same 
tvpe occuricd shortly after the paroxjsm and the time interval between it and 
the preceding beat (0 38 second) is equal to that between the first beat of the 
paroxwsm and the heat preceding it The rhythm, during the paroxysm, was not 
quite regular 

Tuatment — The patient icceued quinidin sulphate and the normal rhythm 
was restored within two dajs While a tiacing w'as being made shortly after 
the resumption of normal rlnthm, a short paroxj^sm of rapid rate woth wade 
excursions of the string shadow of the galvanometer w'as observed but could not 
be recorded No more paroxjsms were obser\ed 

Impro\cmcnt was rapid following the restoration of normal rhythm, and 
cardiac compensation was quicklj restored Antisyphilitic treatment w^as then 
gi\en The patient left the hospital after a stay of thiee w'eeks, and six 
months later leportcd to a social worker that she w'as wmll She refused, how- 
ex er, to return to the hospital for further studv 


DISCLSSIOK 

In Case 1, the requiiemenls of Robinson and Herrmann for the 
diagnosis of paioxysmal \enlnculai tachycaidia ate satisfied The 
ventriculai complexes are distinctly abnormal dining the paroxysms, 
their foim being that of contractions arising in the left ventricle The 
aunculai beats aie independent of the ventiicnlar and occur at a slower 
rate Tins is the fifth case to be reported m which the waves of inde- 
pendent auricular contractions hare been recognized during the parox- 
}sms Tlie other cases aie those of Buttei field and Hunt, Cohn, 
Robinson and Heiimann, and Gallaxardin In the two cases leported 
b\ Lewis in which the paroxysms were very brief, the auricular rhythm 
did not appeal to be disturbed although no aunculai waves w^eie 
discernable during the parox}sms 

The Rccogmtwn of Beats of Vcnhicnlai Oiigm Dunng Awtculai 
Ftbi illation — In the presence of aunculai fibrillation, the diagnosis of 
abnormal ventiicular mechanisms such as ventricular extrasystoles or 
ventriculai paroxysmal tachycaidia lacks the confirmation that may 
ordinarily be obtained from an analysis of the auricular action The 
origin of a single beat xvith an abnoimal complex during fibrillation 
may be quite unceitain since tempoiary intraventricular defect in con- 
duction ma}'^ cause a beat of supraventricular origin to simulate a 
ventricular extrasystole Undei certain conditions however, as Lewis ^ 
has pointed out, the diagnosis of ventricular extrasystoles during fibril- 
lation can be made beyond a reasonable doubt Such is the case when 
(1) there is coupling of beats, (2) the first beat of the couple has a 
complex of supraventricular type and the second of ventricular type 
and (3) the various paired beats correspond to one another in their 
relations, including the time interval betw''een the two beats These 
conditions are abundantly fulfilled in our Case 2 and the second of the 
numerous paiied beats observed may be regarded beyond reasonable 
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doubt as being \entiicnlai If tbe tiacings showing the beginnings of 
paiox 3 ^sms be compaied with the coupled beats, it will be obseived 
that each paioxysni is initiated by two beats that aie in all lespects 
similar to the isolated couples Following the second beat, theie is 
found a succession of \entiiculai complexes having the same foim and 
consequently portiaying the same couise of the excitation wave Thus 
the oiigin of the paioxysms may also be regaided justifiably as 
\ enti icular 

In Case 3, the evidence is similar to that of Case 2, although not 
quite so complete since no tracing of the beginning of a paroxysm was 
obtained Theie was the same type of coupling of beats and the 
complexes during the regular tachycardia were identical in foim with 
tbe second complex of tlie couples Furthermore, the ventiicular cycles 
ueie appi oximately equal to the time inteivals between the fiist and 
second beats of the isolated couples In Case 4 there was similar 
coupling and the beats initialing the paroxysm weie identical m their 
lelations vith those of the isolated couple seen in the same tracing 
(Fig 9) j\Ioieo\ei, theie are found complexes of supi aventi icular 
t}pe more piemature than the \entricular complexes, a fact that can- 
not be explained on the assumption that the abnormal complexes 
repiesent merel) aberrant beats due to intraventricular conduction 
changes 

The Aiinculo} Mechanism Dm mg Pat OAysms in Cases 2, 2 and 4 — 
Although no evidence of auricular activity could be discovered in trac- 
ings of paroxysms in Cases 2, 3 and 4, theie is no reason to doubt that 
fibrillation continued Fibi illation was undisturbed by coupled beats 
in all three cases and by shoi t paroxysms in Cases 2 and 4 In relation 
to longer paroxysms in Case 2, the auricles were demonstrated to be 
fibnllating up to the onset of the ventiicular tachycardia and immediately 
after the oftset Fibi illation was also present immediately aftei the 
offset m Case 3 Moreover, in Cases 2 and 3, no other auricular 
mechanism was discovered A similarly'’ close relationship of fibi illa- 
tion to paroxy'smal tachycardia was also obseived in Gallavai din’s case 

The Rhythm of Ventiiculai Paioxysms — The fact that slight but 
definite ventriculai irregularity was present throughout the paioxysm in 
Case 4 does not constitute a valid objection to the interpretation of its 
ventricular oiigin As stated above, a similar ii regularity was noted 
in the short paroxysms m Case 2 and also during the first few beats 
of the longer paroxysms The brief paroxy'snis in Hart’s and Cohn s 
cases also show v'entricular irregularity as do the first few beats of a 
paroxysm recorded by Marvin and AVlnte Thus a high percentage 
of the cases in which onsets of paroxysms have been recorded, show 
some ventricular irregularity 
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The Length of Pm abysms —The length o£ paroxysms of ventricular 
tachjcardia appears to vary as wide’y as m the supraventricular types 
A succession of two ventricular extrasystoles is often found and three 
occur occasionally It has not been customary however, to regard less 
than SIX successive beats as a paioxysm and these are lare In about 
half the cases thus far reported, none of the paroxysms observed 
exceeded five minutes in duration Some cases had both short and long 
paroxysms, and occasionally the tachycardia has lasted for days The 
longest case on record is the one repoited by Robinson and Heirmann 
in which an attack lasted presumably for eleven days 

Association with Myocaidial Disease — It is evident from a study 
of the cases that paroxysmal ventricular tachycardia is usually asso- 
ciated with grave cardiac disease Of twenty-two undoubted cases, 
eleven patients are known to have died within a short time after the 
ventricular tachycardia was recognized There is abundant experi- 
mental evidence that the condition may be produced by coronary 
occlusion and Robinson and Herrmann have presented clinical evidence 
to that effect Cardiac syphilis has been found in some cases Occa- 
sionally, however, the condition has occurred in patients with a fair 
degree of cardiac function and without clinical evidences of profound 
myocardial disease Most of such cases have been among those with 
short paroxysms 

Othei Abnoi malities of Cardiac Function — The frequent occur- 
rence of other disturbances of the cardiac mechanism has been a 
remarkable feature of the cases Between paroxysms, extrasystoles 
are usually numerous Most often these are ventricular in type and 
have electrocardiographic complexes similar in shape to those of the 
parox}'sms However all types of extrasystoles may be found 
Various grades of A-V block up to complete block have been observed 
and also disturbances in bundle branch conduction Three of the cases 
also had paroxysms of supraventricular types of tachycardia, four 
had auricular fibnllation (including- the three of this report) and one, 
auricular flutter 

Clmtcal Manifestations — Occasionally during brief paroxysms, as 
in our Case 4, the patient is unaware of anything unusual occurring, 
but in the majority of cases there aie obstrusive symptoms Palpita- 
tion, particularly a consciousness that the heart is beating very rapidly, 
IS most common In the longer paroxysms, the symptoms of cardiac 
failure become prominent features The studies of Barcroft, Bock and 
Roughton on blood flow and respiration were made in a patient in 
whom, whatever the origin of the tachycardia, the excitation wave was 
spreading in an abnormal manner similar to that observed in ven- 
tricular paroxysms These studies show what an extraordinarj^ diminu- 
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lion of cii dilatory efficiency may occur during such a paroxysm It 
IS easy therefoie, to undei stand the seriousness of a long parox5'sm 
of ventiicular tachycaidia in a patient aheady the victim of myocardial 
disease 

As indicated pieviously, theie is no way at present of distinguishing 
ventiiculai paioxysms from those of supraventi icular type, except by 
electiocaidiogiams From the histor} and the examination of the 
heait^duimg a peiiod of lapid ihythm, it should be possible m practically 
all cases to recognize the piesence of some form of paroxysmal tachy- 
caidia One can howe\ei scaicely eliminate the possibility (remote as 
It may be) of paioxysmal am icular flutter When the paroxysms occur 
111 association with auriculai fibrillation, the ventiicular action may 
closely simulate that of an ordinal y foim of am icular flutter, the 
paroxysms being mistaken foi two to one ibythm and the slower 
irregulai action foi the inconstant block that so often occurs in flutter 
This happened in oui Case 3 and the clinical diagnosis of flutter 
appeal ed to be fui thei confirmed by ha^ mg tbe patient sit erect, which 
sometimes brought on the periods of lapid regular ventricular action 
thought to be two to one flultei , but was in leality paroxysms of ventric- 
ulai tachycaidia Although the diagnosis of auricular flutter was also 
made in Case 2 , it is apparent, on reflection, that the occuirence of 
paioxysmal tach3'caidia oiigmating below the amides, should have been 
suspected The marked disci epancy in late between the periods of 
rapid regiilai ih)thm and the slow iriegular action were greater than 
aic to be expected to occur spontaneously as a result of change of A-V 
conduction in auriculai flutter Moieover, the conspicuous coupling 
of beats during the peiiods of slow action should have directed atten- 
tion to the possibility of the lapid rhythm being of the nature of 
pai oxysmal tachycardia 

The Iitjlnencc of D}iigs — Recently, several papers have appeared 
suggesting that drugs such as qmnidin and digitalis may be responsible, 
in ceitain cases, for ventiiculai tachycardia Oppenheinier and Mann 
state that a patient undei their obseivation twice developed ventricular 
tachycardia dm mg the administration of quinidm Lewis, Drury, 
Wedd and Iliescu lepoit that abnormal ventricular complexes are 
fiequent in electiocaidiograms during quinidm tieatment and that, in 
occasional cases, they become veiy numeious and are then associated 
with long 01 shoit periods of ventiiculai tachycardia These authors 
have published a tiacing in which a period of tachycardia was recorded 

17 Oppenheimer, B S, and Mann, H Results with Qumidm in Heart 
Disease, abstr , J A M A 78 1758 (Tune 3) 1922 

18 Lewis, T , Drury, A N , Wedd, A M , and Iliescu, C C Observations 
upon the Action’s of Certain Drugs upon Fibrillation of the Auricles, Heart 9 
207 (April 30) 1922 



198 


ARCHIVES OF INTERNAL MEDICINE 


and they have stated that they weie inclined to view the abnormal com- 
plexes not as aberrant forms but more comparable to the abnormal 
beats which help to constitute digitalis coupling Levy^'’ repoits that 
he has recorded ventiicular tachycaidia in five out of twenty-five cases 
of auricular fibrillation treated with quinidm 

Schwensen-® lecently reported two cases that he believed to show 
ventricular tachycardia as a result of the administration of digitalis 
Unfortunately, in one of his cases, no tracing was obtained during the 
period df tachycardia In the other case, auricular fibrillation was 
interrupted by a regular tachycardia, the tracing of which showed a 
remaikable alternation of complexes The author’s assumption of their 
ventricular origin cannot, however, be accepted as established 

Of the four cases we report, tachycardia due to digitalis or quinidin 
can be ruled out in Cases 1, 2 and 4, since neither of these drugs had 
been taken when the tachycardia developed This is noteworthy par- 
ticulaily in Cases 2 and 4 in both of which accurate coupling of beats 
occurred It should, however, be emphasized that this is not necessarily 
a digitalis effect We have observed it also in other cases not under 
the influence of the drug In Case 3, the possibility that digitalis 
caused the tachycardia could not be excluded, since treatment has been 
received before admission to the hospital This, however, seemed 
unlikely, as large doses of the drug were administered in the hospital, 
in spite of which no paioxysms were observed after the second day 

In Mew of the observations of Oppenheimer and Mann, Lewis, and 
LeAy on the ability of quinidin to evoke ventricular tachycardia, it is of 
interest to note that quinidin and quinm have been found of value in 
suppressing the condition Boden and Neukirch state that they were 
successful in terminating paroxysms by the intravenous injection of 
quinidin, while Singer and Winterberg obtained good results in their 
cases with quinin In our Case 4, both the auncular fibrillation and 
ventncular tachycardia were abolished by quinidin These results would 
appear to indicate that further observations of the effects of the 
cinchona alkaloids in this condition are desirable 

SUMMARY 

1 Four cases of paroxysmal ventncular tachycardia are reported, 
one with auricular mechanism of normal type and three with auricular 
fibrillation 


19 Levy, R L The Clinical Toxicology of Qmnidin, abstr , JAMA 

78 1919 (June 17) 1922 , j ^ m 

20 Schwensen, C Ventricular Tachycardia as the Result of the Administra- 
tion of Digitalis, Heart 9 199 (April 30) 1922 

21 Boden, E, and Neukirch, P Khnische und experimentelle Beobach- 
tungen uber die Herzivirkung des Chinidins, Deutsch Arch f klir Med 
136 181 (June) 1921 
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2 The electrocai diographic findings thiough which the diagnosis 
A\as aimed at in these cases are discussed Emphasis is placed on 
the value for diagnosis, when the auiicles are fibiillatmg, of comparing 
the relations of coupled beats to the onsets of paroxysms 

3 The literatuie is reviewed and from the study of the cases pre- 
Mously repoited together with those here presented, the following data 
ha^e been assembled (a) Twenty-two cases have thus far been 
reported m which electiocaidiogiams justify the diagnosis of parox- 
ysmal \entncular tach}cardia (b) During paroxysms, the following 
t}pes of aniictilai action have been lecogmzed (1) normal mech- 
anism. (2) retiogiade auiiculai beats, (3) auricular flutter, and (4) 
auiicular fibrillation (c) Slight irregularity of rhythm just after the 
onset of paroxysms is not unusual It may also occur just before the 
oftset {d) In about half the cases reported, none of the paroxysms 
obserr ed exceeded fi^ e minutes in length The longest paroxysm 
repoited apparently lasted for eleven days In long paroxysms, severe 
cardiac failuie usuall)- occuis (c) Profound myocardial disease is 
usuall} associated Othei distiiibances of the cardiac mechanism are 
remaikably frequent EleAen of the twenty-two patients are known 
to have died shoitly aftei coming under obseivation (/) Short paiox- 
}sms occurring dm mg auiicular fibiillation may cause the ventricles 
to behave in a mannei simulating auiicular flutter and lead to a mis- 
taken diagnosis of flutter (g) The results of quinin and quinidm in 
treatment ha\e been promising, but fuither obseivations are necessary 
in order to determine uhethei or not these ditigs are of real value 
in this condition 

XoTL — Since this paper has gone to press, another case has been reported 
b\ Gallavardin (Extra-systolic ventriculaire a paroxysmes tachycardiques 
prolonges, AicJt d vial du cam 15 298 [Maj] 1922), in which were recorded 
brief successions of extrasj stoles and long attacks of tachycardia, both appar- 
ently arising from the same focus During the long paroxysms, the auricular 
action was sometimes independent, and at other times controlled by retrograde 
conduction from the yentricles 



THE SURGICAL TREATMENT OF ANGINA PECTORIS 

WALTER B COFFEY, MD, and PHILIP KING BROWN, MD 

SAN FRANCISCO 

In 1920 Jonnesco ^ reported the cure of a case of angina pectoris 

resection of the left cervical sympathetic system under local 
anesthesia 

The patient was a male, aged 38, who gave a history of syphilis, abuse of 
alcohol and tobacco He was seen March 19. 1916 First attack, Dec 19, 
1915 Violent palpitation, acute pain in precordial region, radiating to left 
arm, tightness of chest, fear of death Duration one hour January, 1916, 
he had a second attack A.fter this mercury treatment had no effect March 
14 and 18, third and fourth attacks Examination showed no tabic or pre- 
tabic symptoms Wassermann positive Heart and aorta enlarged Pulse, 
*^rom 42 to 52 an arrlijthmia every ten or fifteen beats not recorded on 
electrocardiogram Lungs, temperature, abdomen, urine normal Patient feels 
\ell in intervals of attacks Fifth attack while in hospital Heart beat 
rapidlv and \ lolentlv Face pale , after a few minutes pallor gives way to 
cold sweat 

Operation April 2, 1916, under local anesthesia This he accomplished by 
an injection between the first and second dorsal vertebrae of a solution of 
0 02 gm stovain and 1 mg strychnin Resection of the left great sympathetic 
from base of neck into thorax including two last cervical ganglia and first 
thoracic ganglion It is not made clear whether the cardiac branch from 
the superior cervical ganglion was severed or not Traction on and avulsion 
of the first thoracic ganglion caused intense pain in the left arm “like electric 
shock running into fingers ” Following operation there was diminution of 
the left palpebral fissure, extreme diminution and fixity of the left pupil, 
retrocession of the left eye into the orbit, although the superior cervical 
ganglion was not touched Pulse w'ent from 44 to 52 before operation to 56, 
and on the third day it was 68 where it remained as long as he was m the 
hospital (two months) 

No further attacks Refused extirpation of right S 3 mpathetic because he 
felt well without it 

Patient returned April 3, 1920, four years later No further attacks Had 
no antisyphilitic treatment Pulse regular, from 72 to 74 “Radioscopic exam- 
ination shows slight dilatation of aorta, with the wall thickened and irregular, 
w ith atheromatous spots, and wnth thick and visible deposits, more marked 
toward the beginning of the ascending portion Diameter of heart enlarged 
2 or 3 cm Left palpebral fissure diminished , pupil contracted , eyeball 
sunken, facial asymmetry Asymmetry looks at first glance like atrophy, 
but is not ” 

F Franck 2 established relations between irritation of cardio- 
aortic plexus and the more or less distant manifestations reproducing 
SMnptoms seen m angina pectoris He suggested resection of the 
cerMcal thoracic sympathetic for the relief of angina but did not do 
the operation 

1 Jonnesco Bull de I’Acad de med. Par 84 93 (Oct) 1920, also Presse 
med 29 193, 1921 

2 Franck Bull de I'Acad de med , May 30, 1899 
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Jonnesco legaids angina as a manifestation of irritation of the 
cardio-aoi tic plexus, in fact, a neuralgia of the same Gilbert, Gamier 
and Vaquez appiove this theoiy Jonnesco’s argument is A moie 
01 less marked chronic aoi titis is always present in angina The aortitis 
imitates the nen’-ous filaments of the plexus Franck has shown the 
piedominant role of sensory fibers ascending from the cardio-aortic 
plexus, passing to the cei vicothoiacic sympathetic and reaching the 
medullaiy and hi am centers by three routes (1) The paravertebral 
chain, (2) vertebral nerve, (3) communicating dorsal branches of 
first thoiacic ganglion Theie aie, therefore, m the cervicothoracic 
sympathetic centrifugal and centripetal neives which tiansmit to the 
centers impiessions aiising in the thoiacic and even in the abdominal 
Mscera This explains how irritation of the cardio-aortic plexus causes 
reflex circulatoiy. sensory and motor tioubles 

To stop these tiouhles one must mteiiupt connection between aorta 
and neivous centers leacting to the irritation mentioned It would 
be ideal to cut only'’ centiipetal nerves leading sensation from caidio- 
aortic plexus to biaiii and medullary centeis This being impossible 
one must resect the whole stiands and ganglia which sui round both 
centripetal and centiifugal fibers Simple section is insufficient, one 
must resect The whole mass of the two lower cervical ganglia and 
the first thoracic must be taken Resection of the upper cervical 
ganglion is not necessary If the reflexes from the cardio-aortic plexus 
aie suppressed, then consequences, which constitute the alarming and 
giave symptoms of angina, will be stopped The sudden death from 
angina seems to be due to spasm of the arteiies of the medulla The 
origin of this spasm lies in the aortic irritation 

Vasoconstrictoi action of the cervical sympathetic on the bulbar 
■\essels by way of the vertebral nerve is well known This action is 
suppressed by the section of the vertebral nerve which takes place 
vhen the cervical thoiacic ganglion is resected 

Umlateial lesection (left) was sufficient in this case Angina 
neuralgia is limited to the left side of the thorax and to the left arm 
fudging fiom the biilliant lesult m this case, Jonnesco is inclined to 
think that unilateral resection might be sufficient Howevei, the opera- 
tion being simple and innocent, it seems preferable to him in future 
to practice bilateial lesection even though unilateral lesection should 
show itself sufficient ^ 

In the medical service of the Southern Pacific Hospital there is a 
high percentage of cardiovascular cases and angina is an unusually 

3 In April, 1922, Jonnesco published an article on the operative technic 
of resection of the cervical sympathetic with twelve plates illustrating the 
incision, the instruments necessary for doing the operation and the appearance 
of the part after dissection (Presse med 30 353 [April 26] 1922) 



202 


ARCHIVES OF INTERNAL MEDICINE 


common symptom As the hospital is opeiated to keep the employees 
in fit condition and to minimize the loss from overturn, many patients 
come to the hospital even from a distance for a survey of their 
physical condition because of symptoms which are in any way unusual 
They are sent m also by their superior officers for symptoms suggesting 
the likelihood of sudden impairment of their usefulness When Jon- 
nesco’s article appeared there were a number of mild angina cases in 
the wards, and several patients had had severe attacks After consulta- 
tion with the senior surgeon it was determined to select a case with a 
long history of attacks, and tiy the operation under general anesthesia, 
beginning with the seveimg of the mam trunk of the left sympathetic, 
and cutting the vertebral connections of the superior cardiac branch 
from the superior ganglion 

As the operation is based upon a theory in support of which 
experiment on animals is of no value, both because we cannot reproduce 
the disease in animals and because the nerve supply to the heart is 
quite different from that in man, it goes without saying that the opera- 
tion was undertaken only after mature deliberation and frequent 
consultation It so happened that the most aggravating case (Case 1 
in our senes) had been observed for a year or more by Dr Herbert 
C Moffitt, dunng which time the patient got slowly worse, inasmuch 
as the attacks became more frequent and more severe It was with 
gieat relief that, after a consideration of the operation in which the 
patient laid the facts before Dr Moffitt, he heartily concurred in 
this trial 

In view of the extreme uncertainty about the sympathetic cardiac 
connections in man, and with full recognition of the fact that we were 
preceding on a theory, after numerous dissections by one of our interns, 
Dr Unsmger, under the supervision of both of us, we determined to 
do the first opei ation m two steps and to do it under general anesthesia 
The patient was having from six to ten attacks a day under the 
slightest provocation so that we were unwilling to try the local anesthetic 
method 

The statement usually accepted among physiologists is that the 
sensory fibers for the heart run through the upper thoracic nerves 
to tlie stellate ganglion These fibers have their source of origin in 
the spinal ganglia and according to Edgeworth ^ and Ranson and 
Billingsley they pass without interruption through the sympathetic 
ganglia to end in the heart and mam blood vessels Whether any fibers 
run as high as the superior ganglion is uncertain Believing that there 
was ground for attnbuting the attacks m Case 1 largely to stimuli from 
the brain, although they occurred also after eating, w^e determined to 

4 Edge^^orth J Physiol 13 261, 1892, J Comp Neurol 29 405, 1918 
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sevei the upper end of the sympathetic trunk m the first opeiation, 
cutting the supeiior caidiac nerve, and the mam trunk of the sympa- 
thetic below the superior cervical ganglion In spite of the fact that 
many physiologists agiee that the ceivical sympathetic ganglia have no 
connection with the biain and spinal cord, except thiough the sympa- 
thetic trunk and the white rami of the thoracic nerves which connect 
with the cervical sympathetic through the lower cervical and first 
thoiacic ganglia and thoiacic cord, the attacks in this patient ceased 
immediately after cutting the connections above this point, and none 



Fig 1 — The cervicothoracic sympathetic nerve supply to the heart in man 
(after Francois Franck) A, second pair of cervical nerves, B, third pair of 
cervical nerves, C, fourth pair of cervical nerves, D, fifth pair of cervical nerves, 
E, superior cardiac nerves , F, middle cardiac nerves , G, inferior cardiac nerves 

have occurred m the eight months since the operation What is 
generally accepted as the mam connection from the heart to the brain 
remained intact 

In a personal commumcation through Dr Herbert M Evans, Dr 
S W Ranson, professor of physiology. Northwestern University Medi- 
cal School, states “The removal of the inferior cervical and first thoracic 
ganglia should be the most effective procedure in the elimination of 
cardiac pain ” It was therefore proposed by one of us (W B C ) 
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to make this the next procedure, provided the severing of the upper 
connections did not suffice Although Ranson believes that the cervical 
sympathetic ganglia have no connection with the brain and. spinal cord 
except through the sympathetic trunk and white rami of the thoracic 
nerves ® the fact remains that in all of our five cases the sole procedure 
has been the cutting of the direct connections between the heart and 
the superior cervical ganglion We believe that by this severing suffi- 
cient change takes place in both heart and brain to prevent attacks 
in cases m which the symptoms are left sided 

Attacks of pain confined to the right side are described by many 
writers but are certainly very rare Allbutt ® reports only one case 
in which the pain was limited to the nght side No necropsy was 
obtained in that case 

Morrison'^ reports a case of dextral radiation in which the post- 
mortem showed gross lesions of the pulmonary valve and the base of 
the pulmonary artery, the aortic side fairly free from disease Drum- 
mond ® argues for left sided pain when the aneurysmal sac springs 
from the anterior aspect of the arch, whereas the nearer the sac 
approaches the upper and posterior aspect of the inside of the trans- 
verse portion of the arch, the greater the tendency to pain in right 
shoulder and right arm “One of the most interesting and constant 
observations was the connection between the root of the innominate 
artery and pain at the back of the neck and occiput ” 

It would be interesting to try the operation in a case of dextral 
radiations, first doing the severing on the nght side to see if that 
would relieve the symptoms It would be a further contribution to 
the understanding of the physiology of the sympathetic system if we 
weie able to operate on the inferior cervical and first thoracic ganglia 
in Case 4 to see if the remaining pain attacks in the left forearm 
were relieved 

Case 1 — Hisfoiy — H B, aged 51, American born, locomotive engineer for 
the Southern Pacific Railroad Company for twenty-seven years, entered the 
hospital, Sept 10, 1920 complaining of shortness of breath for three years, 
more marked for the last six months Associated with it there had occurred 
slight precordial pain He is a very nervous man suffering with headaches 
which developed after he stopped drinking coffee His only other subjective 
svmptom was nycturia also of recent date, and an attack of Bell’s palsy from 
which he had not quite recovered, the right lid drooping slightly and the 
mouth opening better on the left side He had been well otherwise all his 
life save for a neisserian infection thirty j-ears ago 

Physical Examination — Fust Admission Slight right scoliosis in thoracic 
region Rate and rhythm of the heart normal , second aortic sound markedly 
accented Heart slightly increased m size Blood pressure, 174/85 Wasser- 


5 Ranson and Billingslej J Comp Neurol 29 367, 1918 

6 Allbutt Diseases of Arteries Including Angina Pectoris 2 301 

7 Morrison, A Tr Path Soc Lond , 1872, Lancet 1 51 (Jan 8) 1910 

8 Drummond, D Brit M J 1 580 (June 13) 1908 
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niann negative Ur me tests showed a phthalem output of 55 per cent In 
the test specimen were found a few hyaline casts of varying diameter There 
W’as a low'eied ability to concentrate 

He had been told by a heart specialist that he had an enlarged heart The 
doctor out him to bed and discharged him three w'eeks later with a normal 
blood pressure and the statement that roentgen ray and physical findings 
show'ed no arteriosclerosis But with the return to normal blood pressure Ins 
dyspnea had increased We noted that as his pressure fell again under diet 
and rest, his njctuna was constant, his di'spnea worse and on any exertion 
he complained of a “pressure weight sensation” just above the left breast 
He felt perfecth well at all other times 

His pulse was ne\er above 78, and after six days of rest his blood pressure 
reached 147/82 His stomach was larger than normal and he had more gas 
than usual w'hile at rest A diagnosis of moderate interstitial nephritis with 
angmoid simptoms v\as made 

He returned for three days on March 21, at which time his phthalem output 
was 70 per cent , pulse from 70 to 76 His nycturia was unchanged and the 
urine under concentration test w'as again regarded as abnormal The blood 
pressure dropped from 160/80 to 130/70 the third day of rest 



Second Admission — Oct 15, 1921, the patient was again admitted complain- 
ing that for three months he had grown rapidly worse and that he had been 
under another physician’s care since Mav A trip to Honolulu, prescribed 
for rest had made him wmrse and he now suffered from six to nine attacks 
of substernal pain a day which were relieved in about five minutes by %oo gram 
nitroglycerin Attacks are precipitated by exertion, excitement and alwaj^s 
by eating He had as many as ten a day and rarely less than six These 
had continued for at least three months An attack was precipitated by 
examination In it the pulse rose to 128 Blood pressure, 165/128, Vioo gram 
nitrogl 3 xerm relieved him in a few minutes and pulse fell to 92 and w^as of 
much better volume The same thing had happened on being examined the 
previous night He had no attack in the interval but had an icebag over his 
heart part of the time He had about six attacks during the previous day 
Blood pressure immediately after the attack was 155/104, and five minutes 
later it was 144/104 

Course — October 19 No attack for forty-eight hours No medication 

October 26 Discovered yesterday that by sitting up when an attack threat- 
ened, it passed off He thinks this was confirmed three times m one day, but 
it proved later to be of minor value 
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October 27 Had four attacks during sleep last night and one this morn- 
ing after breakfast Has been quite free from attacks for some days Was 
trying the effects of varying diets and yesterday was put on hydrochloric 
acid and nux vomica In attacks pulse rises from about 80 to 110 Blood 
pressure at 9 a m, two hours after meal, 144/80 

October 28 Is to continue hydrochloric acid and nux vomica, half a dose 
after meals and strontium bromid, IS grams, half an hour before breakfast 
and supper 

October 29 Three attacks in the night last night at 8 11 p m , and Sam 
Bowels moving well with cascara and oil 
October 30 No attacks 

October 31 Two attacks j-esterday afternoon and evening, three in the 
night and twm before 9 o’clock this morning Discontinued hydrochloric acid 
and nux lomica and gave Yz gram sodium nitrite and 15 drops tincture digitalis, 
three times a day, with an order that the patient should not know the nature 
of the medication 

November 2 No attacks yesterday but three m the night last night 
During the month of November and up to the time of operation, Novem- 
ber 30, the patient continued on small doses of digitalis and sodium nitrite 
for twm weeks He then was without anything for twm weeks The attacks 
average tw'o or three a day Some daj's there were none and there seemed 
no difference between the periods of medication and being without it 

After we had made numerous dissections on cadavers, we concluded, 
from the lack of intimate knowledge of the physiology of the sym- 
pathetic system in the human being, that we could contnbute more 
to the scientific understanding of both function and results if we did 
the operation m steps 

We, theiefore, agreed in spite of the experiments on animals to 
the contrary, that if the cervical sympathetic excited or controlled the 
phenomena producing angina, instead of a wholesale dissection, which 
in no way proved the case, we would first sever the important cardiac 
connections, beginning at the more accessible end 

In doing this, we recognized fully that physiologists claim that the 
sensory fibers for the heart have their origin in the spinal ganglia 
and run through the upper thoracic branches to the stellate ganglia 
There is no proof that any branches reach as high as the superior 
cervical ganglia The operation we performed, however, demonstrated 
that the theory is not correct 

Our first effort in this work was to do as little as was consistent 
with the possibilities of relief, not going as fai as Jonnesco, and then 
await results 

The report by one of us (P K B ) we believe, justifies the theory 
that the procedure of cenncal sympathectomy should only be followed 
when there has not been a complete or satisfactory relief of the symp- 
toms from medical treatment We (W B C ) would not hesitate, with 
our present knowledge of the operation, to do it under a local anesthetic, 
when the patient has but mild attacks, precipitated by nervous conditions 
or disturbances of digestion, or in those cases which occur without 
known cause, or when the patient has been given the proper medical 
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attention and rest pievious to surgical piocedure, but without any lelief 
No suigeon should undeitake this operation without his patient first 
being in the hands of a caieful internist, who A\atches every detail of 
the case pieMous to and following the operation 

DESCRIPTION OF OPERATION 

An incision is made on the left side, at the posterior bolder of 
the sternocleidomastoid muscle, extending from the mastoid piominence 
along its boidei to where the external jugular vein crosses this muscle 
If It is necessary to go further, the external jugular can be ligated, 
and tlie blanches of the superficial cervical plexus severed Then the 
incision passes thiough the posterior border of the sternocleidomastoid 
muscle 

In order to avoid the blanches of the aunculai and occipital nerves 
the iibeis aie separated a shoit distance fiom the posteiior edge 
Dissection in the upper end of the posterior triangle, at the maigin, 
IS often difficult It is easier to sepaiate the fibeis, avoiding the nerve, 
and, in most cases the external jugular After separating the fibers, 
the posteiioi sheath is opened, which is likewise severed (similai to 
the line of the sepaiation of the fibeis) Just below the fascia is a 
fatty aieolar tissue At the lower angle of the incision, there is a 
deal space in which blunt scissois are placed, and this area of fatty 
tissue is widened with the fingers There is encountered the neuro- 
vascular bundle, that is, the deep jugular vein, caiotid aitery, pneumo- 
gastnc and phrenic nen es and a bianch of the hypoglossal nerve With 
a letractoi, pulling the muscle and the neurovasculai bundle toward 
the center of the body, the veitebral plane is exposed Then the field 
of opeiation is enlaiged and a good view obtained 

In ordei to facilitate matteis, a retractor is placed in the upper 
angle so as to raise forcibly the muscle and the neurovascular bundle 
In this way, the culdesac is easily cleaied (Use of an electnc light 
will give a better view) Then begins the search for the sympathetic 
trunk, which rests on the vertebral plane, hidden in its own sheath — 
thin, transparent and attached to the aponeuiosis of the neck The 
superior ceivical ganglion is a swelling of the trunk, usually spindle 
shaped It lies m front of the transverse processes of the second to 
the fourth ceivical vertebrae on the prevertebial fascia and the longus 
capitis muscle, adjoining the internal caiotid and laterally the vagus 
nerve 

At this point of the operation Jonnesco calls attention to the fact^ 
that frequently the sympathetic tiuiik may rest on or become attached 
to the neui ovascular bundle One might easily pull it aside with the 
retractor so it is necessai y to proceed with much attention to the search 
for the sympatlietic trunlv and not be confused by the phrenic nerve. 
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which IS often very near the sympathetic nerve, or a branch of the 
hypoglossal nerve accompanying the internal jugular, or still more 
extraordinarily by the pneumogastric nerve 

The confusion that one is apt to find oneself in, especially if 
retraction is made too soon, or any slight hemorrhage occurs, may 
make the first efforts m finding the sympathetic very trying It is 
necessary always to have some point of reference to orientate oneself 
and find more easily the sympathetic cord, of which the superior 
cervical ganglion is the unit and should serve as a guide in finding 
the mam trunk 

When in doubt, the ganglion should be sought on the vertebral 
plane, at the upper extremity of the field of operation It is fusiform 
m shape, and when outlined is very striking The balance of the work 
IS made easier, if the ganglion is found at once At the lower extremity 
of the field the cord therefrom is isolated and seized with a forceps 
and severed, likewise, the cardiac branches 

In the removal of the ganglion," with the disengagement of the trunk, 
the ganglion is elevated and can readily be dissected With a tractor, 
the ganglion is separated from the neurovascular bundle and freed 
from the vertebral fascia The branches, which are attached to the 
tuo borders, are cut with a blunt pair of scissors in a manner so that 
the ganglion is now held by both ends of the cardiac trunk below and 
the cranial branches above To remove it in its entirety, it is secured 
uith a hemostat after separating the trunk and cardiac branches With 
traction, it can be pulled from its cranial attachment 

This complete removal was done in one instance, and in the other 
cases, merely the mam trunk below the ganglion and cardiac branches 
were seveied 

The wound is closed in the usual way without drainage 

Fostopewtive Histoiy (Case 1) — Dec 1, 1921 The patient is doing very 
well but has elevation of temperature Heart rate still rapid Blood pressure 
loO/SO at 9 30 a in Patient states that he has a feeling of impending attack 
but has had none so far He complains of pain in the mediastinum unlike that 
of the attacks More than hkefi’^ this pain is due to a gastric condition from 
the anesthesia 

December 2 Blood pressure 112/70 at 8 30 a m Discomfort in precordia 
and mediastinum has disappeared Patient is cheerful and is in no way 
disturbed Pupils equal and alike on both sides Temperature 100 F 

December 3 Patient gradually improving He is rather nervous and has 
a slight pain in the right axilla (due to ether anesthesia) which he is rather 
^ inclined to interpret as still a part of the old condition Temperature improv- 
ing Pulse 104 Blood pressure, 115/69 

December 4 Patient continues to feel better Pulse gradually coming 
dovn— 100 Blood pressure 115/70 Feels fine but still seems to pay a 
great deal of attention to every little thing concerning the left side Pupils 
so far have been equal 
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December S Pulse, 98, blood pressure, 109/68, temperature, normal 
Feels fine Says he feels eood enough for a foot race Has not had an 
attack of angina so far since the operation Had a good sleep, slept all night 
Djjcember 6 Patient up and about Feels fine Pulse, 96, blood pressure, ^ 
112/70 Has some gastric distress at times ' » /f 

December 7 Patient had a slight attack of gast£xc_indigestion which he*^ 

IS inclined to interpret as an anginal attack However he says there was 
no pain associated with it Pulse, 94, blood pressure, 110/68 

December 15 Patient has been up and about for the past ten days Eats 
usual diet Had gas distention of stomach until he began exercise one week 
ago Digestion is now all right but he has to take a physic (cascara and 
hydrocarbon oil) every night He complains of a slight pain in the left 
shoulder since the operation More like a slight lameness Has had it 
before operation It is like a tired feeling from canying a heavy load Since 
the operation, he notices a slight stiffness in the left side of the face begin- 
ning at the hail line on a level v ith the upper ear and extending downward 
and forward along upper line of hairy part of face to a point almost at left 
chin, then down neck to middle of sternocleidomastoid muscle and up to lobe 
of ear Testing this area with cotton the lobe of the left ear is anesthetic 
and a small area about one-third the size described bv him is subjectneh 
numb The area extends along the line of the wound but is limited to the 
anterior part and extends very slightly below the low'er limit of the wmund 
and over an area making the segment of the circle 3 cm in radius with the 
angle of the jaw' as center The upper limit of the wound behind the ear is 
anesthetic, anterior to it as high as the level of the inner ear A pm prick 
in this area feels like a fingei There is diminished sensation to cold over 
this area and heat is only felt as pressure The pupils are equal and react 
normally' No change m color of face No unilateral phenomena of any 
sort Pulse, 96 His phthalcin output is 55 per cent Blood pressure, 165/128 
Urine showed the same low specific gravity and inability to concentrate on 
dry' diet 

Jan 4, 1922 Patient returns after two weeks reporting that since he went 
home he has had no ty'pical attacks but (1) after slight exertion he feels a 
shortness of breath as if his throat were obstructed but not actually inter- 
fering vMth the breathing Has it a good deal of the time because every' 
exertion produces it Once after he had had it for four hours and could 
not he down because it got worse, he took 4inn gram nitrogly'cerm and was 
relieved in a few minutes (2) Has lameness of left arm with stiffness in /*, 
shoulder and pain above the loint when he moves it No pain when at rest 
This IS an old trouble but he thinks it came on after the sympathectomy 
(3) Pulse about 86 (4) Numbness in left cheek is less extensive Feels touch 

on upper half of ear Anesthetic area the size of a dollar at the angle of the 
law and between that and upper half of surgical incision (5) Eating has ^ 
produced none of the symptoms which he used to have, distinct anginoid 
1 attacks frequently following meals, but al most always substonal distress and 
1 sense of pressure Nycturia once, which irhis rule^r pasfyear Blood pres- 
su'rerT32/80 VA^as 110 when he left here and prior to operation had reached 
184 and averaged above 160 Rhythm of pulse not normal 

Case 2— History —F R, aged 62 driver of electric truck, was admitted 
o to the Southern Pacific Hospital Nov 10 1921. for an acute attack of pain 
m the left chest one week previously The pain was described as a viselike 
' grip beginning under the sternum and radiating somewhat to the left side 
According to his wife's account he fainted and was unconscious for several 
minutes There was decided dyspnea and cyanosis during the attack and both 
dyspnea and orthopnea on exertion after it In the following week there were 
eight attacks, the last three being more severe than the others For the past 
few days air hunger has been increasing 
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Phvsical E'^aminatxon — -Patient presented marked cyanosis, especially of 
the ears cheeks and lips , irregular pulse, 42 pulse deficit, countable beats at 
^^rlst numbering 88, poor quality to heart sounds, which were described as 
distant Heart markedly enlarged in both directions, aortic area increased 
also but no thrill felt Blood pressure, 240/130 No edema of the extremities 
Liver large and tender, but not pulsating Urine normal, but concentrated 
Wassermann negative 

Conise—H& was given digitalis in full doses with sodium nitrite, calomel 
and salts, Karell diet and absolute rest During the next five days his blood 
pressure fell to 200/130 198/128, 145/100 135/90 It then rose to 178/100 and 
did not fluctuate much from this point until the left cervical sympathetic 
s\stem \vas interfered with when it fell to 160/110 and has varied but little 
since then 

The anginal attacks after entrance occurred on the third night, the eighth 
night the thirteenth night and the morning of the seventeenth day The first 
tno began during sleep and were slight Alkaline salts followed by the belch- 
ing of gas relieved the second one The third occurred while he was on his 



Fig 3 — Electrocardiogram of Case 2 

feet to urinate and was more severe Pam began above the heart to the left 
of the sternum and lasted one-half hour Sudden nausea ten minutes after 
pain began was followed by vomiting of bitter clear fluid, with some relief 
of pam He stated that some nausea usually accompanied attacks No dietary 
error preceded the attack, sleep had been sound and the only unusual event 
\\ as his getting into the erect position to urinate The last attack was again 
slight with distress in the upper epigastrium and no substemal pam Twelve 
hours after this he vomited a number of times a bile stained fluid At this 
point w'as discovered that two years before he had had wdiat was regarded 
as a stomach attack The pam w'as under the upper sternum and resembled 
the pain in the present attacks and was probably a true angina 

Radiologic examination of the gastro-mtestmal tract gave the following 
information The stomach is normal m size, outline and position and con- 
tains no filling defects The duodenal cap is normal There is a constant 
spasm of the gallbladder The barium meal had passed normally m less than 
SIX hours The appendix did not fill A rounded shadow resembling a thick- 
ened gallbladder is seen under the edge of the liver The heart is enlarged 
laterally to a marked degree but there is no arteriosclerosis of the aorta” 
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Ot>ciatjo)t — December 9, under gas oxygen anesthesia, preceded by an injec- 
tion of Vi, gram inoiphm and Viso gram atropin, the left cervical sympathetic 
system fioni the superior to the middle ganglion was exposed (W B C) and 
the mam trunk and the superior cardiac branch severed 

Conisc — Theie were no eye symptoms following the operation The pulse 
deficit was so irregular that any change in heart action immediately following 
the operation could not be determined The rest in bed following the opera- 
tion impioied the heart action and when the patient left the hospital two 
ueeks later he Avas free from aiiA' symptoms save a numbness of the cheek 
below and m front of the left ear and between the operative Avound and the 
angle of the jaAA He had been taking reasonable exercise for a Aveek and 
eaten full diet He spent three hours in saying good bye to old friends avIio 
AAcre obliged to remain in the hospital over Christmas and Avas emotionallv 
and phjsicall}'' much taxed A slight attack of substernal pain came on just 
as he Avas leaAung the hospital and lasted fifteen minutes Patient described 
it as similar to the preoperatn^e attacks but not as severe as even the mild ones 
An attack of bronchopneumonia confined the patient to bed for some Aveeks 
shorth after this, and as his cough AA'as Aery severe and prostrating, he AA'as 



brought back to the hospital tAvo months after the operation and five Aveeks 
after the bronchitis developed He Avas having 2 or 3 degrees of fever every 
three or four davs great prostration and the right chest was full of rales, 
especially at the base behind A roentgenogram shoAved the remains of a 
severe capillary bronchitis and congestion at the base of the right lung The 
blood pressure Avas 171/110, marked auricular fibrillation As digitalis had 
had but little influence on the fibrillation quinidin, in 3l4, 5 and IVz grain 
doses, Avas tried AVith no apparent result Relief of the bronchitis came shortly 
from lodids and rest 

Patient seen last May 8 He is at Avork driving an electric baggage truck 
and doing a full days AVork AVithout symptoms of angina or decompensation 

Case 3—Hrstoiy~W R H, aged 54, bridge carpenter, was admitted to tlie 
hospital Nov 30, 1921, Avith a marked decompensation, auricular fibrillation, 
countable Avrist pulse A^arying from 140 to 160, edema of the lower extremities, 
to and fro murmur over heart Avhich was enlarged orthopnea He gave a 
history of “acute indigestion” eight days before Had had a cold for^^three 
Aveeks but otherAvise Avas in a fit condition The attack of indigestion AA^as 
described as a sudden acute pain just below the ensiform cartilage in the 
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upper epigastrium over an area the sire of the open hand It was dull and 
boring with acute stabbing intervals, shooting to the left shoulder and down 
the arm to the elbow, occasionally to the left neck but not to the back The 
pam lasted twenty-one hours, and was not accompanied by nausea or vomit- 
ing The pain was exceedingly severe but the patient says he had no fear 
of impending death” There was severe dyspnea and evidently some edema 
of the lungs The pain was worse when he attempted to he down, and he 
could not breathe at all when he tried to lower his head As he was on a 
siding with a construction gang no medical aid was available 

There had been no pre\ious attack and his general health had been good 
since childhood His teeth were verj bad and six months before he had had 
them all removed Noticed nothing as a consequence He had smoked to 
excess a few years before but not recently at all 

Eiamination — The Wassermann test was negative, urine negative and there 
was no fever Blood pressure 106/84 while pulse was above ISO, changing to 
110/76 when the pulse slowed down to below 100 The irregularity continued 
during the ten days stay in the hospital 

Patient declined operation which was advised on account of the absence of 
correctible and possibly etiologic conditions, the severity of the attack and 
the inability of digitalis to correct the fibrillation 

Second Admission — January 17 the patient returned to the hospital with the 
story that earlv m the evening of the fifteenth, while sitting up in bed, another 
attack had come on lasting eight hours, not as severe as the first but followed 
by the same edema of the lower extremities, rapid heart action and dyspnea 
On digitalis and sodium nitrite he unproved rapidl>, and except for one day 
of pam m the heart and one day of headache in temples and e>es he had no 
subjective symptoms In eight days the pulse was 72, missing one beat in every 
SIX to ten, and the blood pressure was 120/80 

Couise — Drugs were discontinued for five days and then a trial of quinidm 
was made with no benefit, he was sure it caused dyspnea and severe headache 
There were mild angmoid pains for several da}'s a week later 

February 10 he stated he had had pain m the left side of the neck and 
down the arm, but not severe His blood pressure, February IS was 110/70 
Opciation — On that morning under procam anesthesia the mam trunk of 
the left cervucal sympathetic was cut below the superior ganglion On expos- 
ing the left superior cervical ganglion region the ganglion was found to be 
higher up than usual and although the patient was thin it was difficult to 
expose its connections, due largely to the absence of anesthesia fiom procam 
because of a desire not to interfere in any wa}^ with the conductivity and sen- 
sitiveness to electrical or mechanical stimulation Evmn sponging to clear 
the field from blood caused the following S 3 '^mptoms (1) Feeling as if 
base of brain” was on fire Hot burning pain continuous as long as irrita- 
tion continued (2) Pam “across the eye” shooting from a point vvffiich 
patient later described as belovv'^ the mastoid to the eyeball forcing the lid 
to close (He thinks the upper lid only) (3) Eyeball felt full (Bigger 
than normal ) (4) Some pain along course corresponding to supra orbital 

nerve and across side of head to a point above the ear (5) There was no 
local pam from the sponging or electrical stimulation The nerves and 
ganglion were then stimulated with copper wire attached to a dry cell — one 
po ^ on a large pad on back of neck The first application of the galvanism 
to the la^rgest trunk from the superior cervical ganglion caused sensation in 
teeth and upper left law There was one occasion when he felt a spasm of 
t le t iroat could not speak, except in a huskv’^ voice, asked for air was 
nauseated and at the same time felt symptoms m the eye and the base of the 
brain This was when the superior ganglion was taken in the teeth of the 
forceps and pulled on 

At one time he had slight shooting pain in the heart accompanied bj' con- 
traction of the shoulder muscles without pain 
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Comsc—MtQv the operation the left pupil was contracted and the con- 
junctiva reddened 

February 23 he complained that during the night before he was awakened 
twice by burning pain in the “base of the brain” lasting an hour each time 
This pain was not as bad as the same pam he experienced at the time of 
operation Patient returned to work February 27 to report in one month 
The left pupil was still a little smaller than the right A second trial of 
quinidm was made aftei operation but 22j4 grains did not affect the fibrilla- 
tions Larger doses w'cre not given because of their previous bad effect 
Case A—Histoty—T J, conductor, was admitted to hospital, March 7, 1922, 
for substernal pain following exertion or exposure to excitement or cold 
Picmous 7/w/my— Syphilis m 1899 Three plus Wassermann, Nov 14, 1921 
Two plus Wasseimann, March 1, 1922 Under treatment numerous times for 
syphilis Fouiteen neo-arsphenamm injections and sixty-six intravenous 
cyanid of mercury injections Wassermann never negative 

In 1914 he w'as told that he had valvular heart disease Occasionally since 
then he has had a sharp pain in the heart (thinks it is from gas), but it 



Fig 5 — Electiocardiogram of Case 4 


radiates to the upper steinal region and down left arim Feels it especially 
m left elbow, and flexor surface of left forearm and left hand The whole 
arm gets numb Cannot walk more than five car lengths without pam, espe- 
cially at night (possibly on account of fatigue) Has taken soda and nitro- 
glycerin with relief he thinks Since 1915 he has had some pam m region 
of aorta all the time A cantharides plaster may relieve this for several days 
Has had cough with expectoration since 1915 and plways substernal pain 
with cough Occasional dizzy attacks, independent of the angina, may come 
from w’alkmg Has had pain attacks lasting about twenty minutes in left 
parietal region with the dizziness 

Physical Examination — Eyes clear, pupils regular, seem to contract normally 
Nose normal Hearing good in right ear , left slightly defective Some teeth 
decayed and need attention Odor of breath a trifle putnd Membranes nor- 
mal No tonsil enlargement Tongue clean Glands not enlarged Chest 
Percussion note normal Expansion fine No abnormal breath sounds, except 
occasional catch and click where roentgen ray shows diaphragmatic adhesions 
at left apex Heart Vessels of neck prominent and pulsate Double murmur 
heard everywhere Thrill at apex Maximum beat fifth interspace outside 
mammary line (Both stenosis and insufficiency of mitral valve Insufficiency 
of aortic valves ) Rate slightly rapid and rhythm irregular Substernal dulness 
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inci cased and pulsation fell in suprastcnial notch No thrill there Genitalia 
Noimal Reflexes Knee jerks not obtained Rhoniberg slightly positive 
Blood Picssuie 142/32 Roentgen ray shows diaphiagmatic pleurisy and 
plenropeiicardial adhesions and a shadow thought to be due to a healed lesion 
at left apex Fluoroscopic examination shows general hypertrophy of heart, 
aorta thickened, increased in size and maiked pulsation which is also expansile 
in type 

Diagnosis — Chronic aortitis and a question of beginning aneurysm 
Ticatincnt — Patient was confined to bed on light diet and antisyphihtic 
medication March 11, 1922 He frequently awakens in the night with the pain 
and IS conscious, as he was last night, that he had had nightmaie Something 
was chasing him Thinks that walking in the night air oi cold air is more apt 
to precipitate pain Occasional extrasystoles noted 

l\Iarch 13 (Examination by Dr G H Willcutt) “There is quite an amount 
of purulent material in the lowei pait of the trachea which is foiccd iipwaid 
by expiration and phonation There is a chionic inflammation of the vocal 
box Itself but the cords are not involved Believe the matciial seen in the 
tiachca is coming from below” 

March 16 Walks ten to twcntj' blocks a day Always has anginoid pain 
below middle third of steinum and in left neck Worse when he excicises 
umisuallj’' and at night 

March 23 Heart rate, 96, ihythni fairly noimal Blood prcssinc 188/32 
Had aisphcnainin at 3 p m j^csterday at Municipal Clinic They lepoit his 
Wasscrmann as three plus One hour after this injection, he had a moderate 
attack of angina lasting twenty minutes Pam felt m left side of neck fiist 
and then under upper part of sternum and finally in left foiearm just below 
the elbow Hand felt numb No special tingling m fingcis as he has some- 
times Attack came on as he was reluming to hospital Ihc last attack 
before this was about 7 30 p m on the night of the twentieth as he stalled 
back to the hospital This attack lasted one hour, and was quite sevcic Pam 
in some places, shortness of breath Felt heait flutter 

Of^iiatwn — The opciation of left ccivical simpathcctomy was done (by 
W B C ) under gas and oxygen, March 23 Had an anginal attack lasting 
twentj' minutes just as he leached the opeiating room Had to stand and 
lean over to get lelicf The supciior ganglion was unusually high up and when 
it was pinched with foiccps no eye oi pupillary reflex was observed in left 
eye (both pupils were markedly contracted which may have accounted foi 
this) for he was deeply narcotized Pulse rose from 84 to 96 on the operating 
table but tins, too, may have been due to the anesthesia The mam trunk 
of the cervical sympathetic and superior cardiac branch were cut below the 
ganglion No immediate effect on pulse After the opciation, the patient 
said he could not open Ins left eye for five or ten minutes Noted slight pain 
of anginal character under upper sternum for five minutes, coming on shoitly 
after he regained consciousness 

Com sc — March 24 No strain now with his cough and no pain Avitli the 
cough which he frequently had before Pulse, 90 Blood pi assure, 196 systolic 
Left pupil contracted half the size of right Conjunctiva blurred on left side 
Alarch 26 Blood pressure, 205/45 Feels fine but twitchingly nervous 
Coughs less seveiel}’’, raises easily No pain Gave 5 giains potassium lodid 
and 15 grains strontium bromid three times daily He thinks now that the 
pain he had when emerging from the anesthesia was imaginary 

March 27 Had a little pain in the flexor side of left forearm last night 
lasting ten minutes ffhe substernal condition is felt when he takes a deep 
breath but i^ wealing off Instead of a lasting burning pain it is now like 
a pull on a scar that is no longer sore ” 

March 29 Yesterday twice and once this morning had a slight pain m 
left forearm for twenty minutes Cold causes it and he thinks it goes away 
with warmth 



216 


ARCHIVES OF INTERNAL MEDICINE 


April 6 Yesterday he had neo-arsphenainin, 09 gm, and we are giving 
mcicacodal intravenously every day for three doses, then every other day except 
when he gets neo-arsphenamin Caught cold yesterday Has had both sub- 
sternal pressure and left forearm pam for week past, but only at night when 
he gets up in the night to urinate Was on diuretm for one week Says the 
bromid sodium mixture makes his head ache and that is to be omitted The 
pam in the heart and arm are not as severe by half and last from ten to 
twenty minutes instead of an hour Does not have them m the day time 
April 24 Patient has been markedly better since operation No substernal 
pam but IS sometimes conscious of pressure there Still has pam in flexor 
surface of left forearm at times after exertion Has been emotionally carried 
away by Revivalist McPherson, who is proving Barnum’s dictum, that the 
public likes to be buncoed He considers himself cured by her Has been 
having daily intravenous injections of mercury at the hospital and arsphen- 
amin at the public clinic once a week, and is still Wassermann positive Has 
been up and about for a month and except for slight pam in left forearm, which 
he feels if cold or tired, he has no subjective symptoms The cough has 
practically disappeared 



Fig 6 —Electrocardiogram of Case 5 


Case 5~FLs^o,y~L J, aged 44, printer, was admitted April 4, 1922, com- 
p o pain m chest and both forearms beginning about one year ago 

nil in ense pain on exertion which left him when he rested a few minutes 

Frn,^" u « attacks were more likely to come 

ritrlit ^ ^ came about once a day He began having pain m 

right forearm very shortly after onset The substernal pam was not more 

Th(> the right arm w'as not severe at first 

eve opment was six months later when the pam came on in the 
TiPf-tr ^ never shot up to the shoulder nor has it been felt in the 

lacifpri 1 a ^ been severe everywhere and 

.xL n.!? and came more and more often until he consulted Dr Strietman 

was rliano-I!? ^ rf lodid and mercury by mouth which later 

Has nnf- ^nn’ ^ ^ offitt s Suggestion, to lodid by mouth and mercury rub 

tn IipH Tn or SIX months After attacks became severe he went 

o-ivpn tipn ° n^ative Wassermann he was put on mercury rub and 

da or tl by a relief of pain for a 

hlLZ f distinguish benefit from rest as compared to 

d^dv aifaTs months was a good deal better The 

were re uccd to two a month, were very severe but were relieved 
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by nilroglycenn AVhile on the rubs he was better but stomach was out 
of order Neo-arsphenamin upset his stomach more and more, but also relieved 
pain Has been without treatment for three or four weeks and attacks arc 
again very severe, about one an hour at night and less often by day Wife 
reports that befoie the attacks began 1 year ago he had a dragging of left 
toes so that he wore out the toe of his shoe For three years this had been 
coming on and getting worse When tested by Dr Strietman, during an 
early examination, an incoordination in left foot was found 

Past Htstoiy — Negative except for soft chancre and Neisserian infections 
Inveterate smoker for twenty years Never had a headache except after alco- 
holic excesses 

E'lavwtahon — Tongue clean Teeth sound but tendency of gums to recede 
Both tonsils infected, especially the right Anemic (Pale?) Chest normal 
in appearance Lungs O K Heart enlarged laterally Apex m mammary 
line, fifth interspace, rate and rhythm normal Double murmur everywhere, 
presystohe ending in thump, and systolic at apex, but a diastolic is plain to 
left of sternum in third interspace A different sort of systolic roughness is 
noted over aorta No thrill felt anywheie Liver not large No edema Eye 
reflexes, nonnal Pupils equal and react to light No numbness m hands or 
feet but feels a little tingling for two weeks past in fingers and toes, almost 
constant and aggravated by holding out his hands No knee jerks Blood 
pressure, 130/60 

Roentgen-ray examination of chest (M P Burnham) “Six foot plate 
showed hypertrophy of both right and left hearts, more marked of left with 
increased density in thoracic aorta as a whole Aich raised about one inch 
higher than normal, overlapping lower border of clavicle Findings typical of 
aortic valve lesion plus aortitis ” 

April S, 1 p m Had no attack and no pain from yesterday morning until 
the doctor came this morning to do spinal puncture While cleansing the back 
an anginal attack began with substernal pain, then in both foiearms Never 
any neck or stomach symptoms During the night had some sensation of gas 
in abdomen but nad altogether a comfortable night Had another attack just 
now when I came into the room Is fully conscious of Mic nervous cause of 
these attacks After the attack, which lasted ten minutes and was relieved 
(probably by two doses of nitroglycerin) the blood pressure was 96/66 

Opaatwn — April 6 Before operation blood pressure was 122/60 The 
pulse averaged about 90, it rose to 140 at the beginning of the anesthesia by 
gas and oxygen and fell to 120 after the operation The patient struggled so 
violently that it was necessary to administer ether during most of the 
operation 

Following the operation he was somewhat cyanotic and his skin was much 
relaxed He became conscious very shortly and during the six hours that he 
lived he had no pain but a distinct vasomotor disturbance, heart acceleration, 
cyanosis, drenching perspiration with maikcdly relaxed skin, failing to respond 
to atropin He died a cardiac death 

SUMMARY 

Patients were selected foi operation from a large group and only 
those were operated on whose attacks and pain symptoms were 
extremely exaggerated, or as in Case 3 the few attacks were of 
extremely grave character, and the underlying condition not amenable 
to therapy The patient in Case 1 had had six months of rest and 
caie with progiessive inciease of his trouble The patient in Case 2 
had a degree of hypertrophy with probable myocarditis that was 
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extreme and was very nervous , some of his attacks occurred during 
( sleep The duration of the attacks in Case 3, twenty-one and eight 
1 hours, with more or less constant substernal pain and the fact that 
i there was no dietary error or physical stiain preceding the attack, led 
I to the patient’s returning to the hospital to ask for the operation 
Case 4 was an emotionally unstable person with attacks of seven 
years duiation, and syphilis with a beginning aneurysm of the ascending 
aoita and advanced valve disease for which there was promise of 
little 01 no relief Case 5 was of the same soit, with the same lesions 
exactly, except that the attacks were less extensive and of shorter 
duration In spite of fifteen weeks rest in bed under able care the 
patient was having attacks many times a day The cause of his death 
six houi s after the operation, seemed to be acute vasomotor disturbance 
with dilatation of his heart His operation required nearly twice the 
time the others did on account of the peculiar condition of the supenoi 
ganglion which made its recognition difficult He had lived in a constant 
state of fear and the shock of the whole procedure was a veiy serious 
mattei The operation was hastened because of the expense of hospital 
care, which the family felt heavily, and in reviewing the facts outlined 
in the histor}' it is evident that it would have been bettei to have 
delayed matters until his neiwous system was moie stabilized, and 
antisyphihtic treatment tiled further 

The fact that in Case 2 a slight attack occurred a month after the 
operation requires some interpi etation as does the persistence of occa- 
sional pain attacks in the left foiearm in Case 4 Both these cases 
offei the interesting possibilities of fuither relief by the carrying out 
of the Jonnesco’s original plan of the similar operation on the right 
cervical sympathetic system in our second case, and cutting the connec- 
tion between the spinal ganglia and the lower left cervical and first 
thoracic ganglia in the fourth case 

We determined at the outset to do as little as was consistent with 
the possibilities of relief, and instead of taking out the three cervucal 
and first thoracic ganglia, as proposed by Jonnesco, the operation was 
limited to the severing of the main trunk below the superior cervical 
ganglion and the superior cardiac branch The fact that from two to 
SGv&'n months have ^lapsed in the four cases in which the operations 
were successful, with practically entire relief of symptoms, except those 
enumerated in Cases 2 and 4, ]ustified this conservative course and 
contiibuted greatly to the understanding of the problem of angina 
That the procedure is possible under local anesthesia puts the operation 
where it must be considered hereafter in two classes of cases, those 
in which there are frequent mild attacks precipitated by nervous condi- 
tions, digestive disturbances or mild effort, and the class of cases in 
which there are mild attacks, particularly those which occur without 
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known cause, and fiequently when the patient is at rest If m these 
cases pioper medical care, including the collection of possible exciting 
causes, brings no lelief, oui expeiience leads us to feel that the opeiation 
is a pioceduie which must be considered 

It IS easy to speculate about the actual effect of the operation f i om 
the point of view of interfeience of conduction paths, but it would 
certainly seem that Allbutt’s contention, in so fai as it is couoborated 
by the studies of Vaquez that a spasm of the aoita causes the pain, 
has consideiable pi oof m these cases We aie unable to follow Allbutt 
in his view that the vagus inhibition causes the death The blocking 
of the coionaiy system with a thiombus produces an angina m which, 
of couise, Iheie is no spasm and fiequently no pam and foi which 
tiieie IS no leliel Tlieie is pioof enough in the voluminous hteratuie 
that one almost constant accompaniment of death in an attack is the 
occlusion of the opening of a coionaiy vessel oi the mam tiunk of a 
coronal y vessel through disease of the aoitic walls in the fust instance 
and of the coionaiy walls m the second When the pain and spasm 
are inteiTupted, the aoititis may not be sufficiently extensive to do 
any fuithci haim by occluding the coionaiy vessel It goes without 
saying that the blood supply of the heart in cases of extensive coionaiy 
disease ceitainly makes the occlusion fiom spasm of a diseased aoita 
all the easier and death nioie likely Both Allbutt and Fianck contend, 
howevei, that deatli is due to heart inhibition, conducted, accoiding 
to Allbutt, laigely through the vagus, and stimulated by the pain of 
the aortic spasm Franck contends that the cervical sympathetic acts 
as both a constnctoi and dilatoi of the aoitic vessels and it has also 
an action as a cciebial vaso-constiictoi A section of the cervical 
sympathetic coid increases theiefore the flow of blood to the biain 
He contends that the cardiac acceleiatois come tiom the superior 
thoracic region very largely, and consideis that a total resection of the 
lower cervical ganglion and fiist thoiacic is necessaiy m order to control 
acceleration completely Theie is experimental evidence, however, in 
some minds that seveiing the coid above the thoracic segments stops 
acceleration 

Franck contends that the whole sympathetic apparatus, thoracic and 
cervical, deep and superficial, has a direct sensibility, and transports to 
the medulla and cervicodorsal cord afifeient neives, coming especially 
from the aorta According to Franck’s view, it is logical to think 
that the resection of the sympathetic acts as much in suppressing 
transmission of abnormal irritation of the caidio-aortic origin toward 
the brain centers as in suppiessing effeient thyioidal, encephalic or 
cardiac influences This notion of aortic sensibility transmitted by the 
thoracocervical sympathetic suggested to Franck the idea of practicing 
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the resection m angina pectoris It was seventeen years after this 
suggestion of Franck’s that Jonnesco took it up and did the first 
operation foi the lelief of angina 

Concerning the safety of the operation in other than cases of 
angina, important light may be found in the report by Jonnesco ° on 
159 cases of cervical sympathectomy for the relief of goiter, epilepsy 
and neuralgia The operation has been done also for the relief of 
glaucoma^® Of the 159 cases, in 141 three ganglia were removed 
and in some the first thoracic also and in all but two cases the operation 
was bilateial No deaths and no secondary trophic disturbances Of 
twenty-five cases of exophthalmic goiter, all the patients made a com- 
plete recovery Of eighty-eight cases of superior sympathectomy, sixty- 
one patients were cured or improved, twenty-two were unimproved 
and five were worse In 117 cases of epilepsy there were twelve 
definite cures Of 2 cases of trigeminal neuralgia, one patient was 
relieved for four years and one for six months 

CONCLUSIONS 

Sympathectomy was done in five cases of angina pectoris, two of 
diem presumably due to syphilitic aortitis Death occurred in one case 
Marked improvement was noted in the remaining four cases 

In view of the obstinate and painful nature of the symptom angina 
pectoris, the relief following operation in these cases seems sufficient 
to warrant further trial of this or similar operative procedures 

9 Jonnesco German Surgical Congress, 1906 Quoted by Bmnie 
10 Binnie Manual of Operative Surgery, Ed 7, 1916, p 221 



FATTY DEGENERATION OF THE HEART 
A M MASTER, MD 

NCW YORK 

The clinical and pathologic diagnosis of “fatty heart” or of the 
heart the seat of “fatty degeneration” ^ is still too commonly made A 
decade ago it was even more frequently diagnosed than it is now 
Broadbent “ described the etiology, symptoms, physical signs, prognosis 
and treatment of fatty degeneration of the heart He says, “No form 
of heal I disease is regarded with so much apprehension as fatty degen- 
eration Moie than any other, it carries with it the dangers of sudden 
death and the liability to angina pectoris ” 

Hirschfelder ^ also described the symptoms and signs of the heart 
in fatty degeneration He says, “The most characteristic symptoms 
associated with the condition aie those of general debility and feeble- 
ness, more or less languor and somnolence, as a rule, without marked 
cardio-respirator}^ symptoms except shortness of breath on exertion 
The pulse is usually small, rathei collapsing and feeble, the blood 
piessure is below normal the pulse rate is increased” 

We are told that the tone of the cardiac muscle is diminished, that 
patients with fatty degeneration of the heart are very sensitive to 
digitalis and are frequently injured by it Sudden death from overdose 
of this diug 01 from acute cardiac overstrain is more common m 
patients with fatty degeneration of the heart than in almost any other 
condition, and, finally, that spontaneous rupture of the heart is i datively 
frequent here 

In summary, however, Hirschfelder, frankly states that none of the 
symptoms is “either constant or characteristic” and the diagnosis may 
have to be made by inference only As Krehl * says, there is no 
clinical sign for the diagnosis of fatty degeneration of the heart 

We believe that the clinical diagnosis of fatty degeneration should 
be based on etiologic grounds, e g , m phosphorus poisoning, pernicious 
anemia, etc Otherwise, to make this diagnosis during life is ver}^ 
uncertain 

* From the Department of Laboratories, Bellevue Hospital, Douglas 
Symmers, M D , Director 

1 We distinguish here between fatty degeneration of the heart with which 
this paper deals solely and fatty infiltration in which fat is present beneath 
the epicardium, or penetrated between muscle bundles even as far as the 
endocardium 

2 Broadbent, W H Heart Disease and Aneurysm of Aorta, 1906 p 342 

3 Hirschfelder Diseases of the Heart and Aorta, 1918, n 312 

4 Krehl, L Ueber fettige Degeneration des Herzens, Deutsch Arch f 
klin Med 1 416, 1893 
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It IS trite to state that necropsy findings must be, in great part, the 
criteria on which diagnoses rest Undoubtedly, then, the frequency of 
ihe clinical diagnosis of “fatty heart” is based on the same frequency 
with which this type of heait is found, postmortem We are told by 
the highest authorities that fatty degeneration of the heart is a common 
pathologic condition 

The etiology ^ is given as alcoholism, primary and secondary anemia, 
after hemorrhages, associated with myocarditis, valvular and other 
cardiac lesions, in most infectious diseases, in miners, smelters and 
many metal workers, etc 



Fig 1 Case A (ventricular septum) scharlach R stain Carmin red fat 
dioplets (black in microphotograph) m longitudinal rows between the fibrillae 
ol the muscle cell and arranged transversely (on either side of Krause’s 
membrane) 

Osier,"' discussing the anatomic basis of caidiac insufficiency, says, 
'Fatty degeneration is a very common condition It is found in the 
failing nutrition of old age, of wasting diseases and of cachectic states, 
m prolonged infectious fevers in which it may follow or accompany 
the parenchymatous changes In pernicious anemia and in phosphorus 

5 Osier, William Principles and Practice of Medicine 1918, p 788 
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poisoning the most extreme degiees are seen Lastly in the 

hyperti opined ventiiculai wall in chronic heait disease fatty change is 
by no means infrequent There appears to be a special 

pi oneness to fatty degeneration m the heart muscle which may, perhaps, 
De connected with its incessant activity ” 

It IS our contention that the diagnosis of fatty degeneration of the 
heait IS made too frequently in the pathologic laboratory Here the 
ciiteiion of this condition is the presence of fat within the muscle cell 
Adami says, “Fatty degeneration of the heait is a common condition 
characterized by the presence of minute globules of fat m the muscle 



Fig 2— Textbook illustration of fattj' degeneration ot the heait (From 
Stengel and Fox Textbook of Pathologj^ Ed 7, 1921, p 503 ) 

fibeis which aie deposited in small droplets, generally in the line of 
the longitudinal fibrillae of the cell ” Years ago, then, from the work 
of A7irchow,“ Adami ^ and others, we have all been taught that visible 
fat m the cardiac muscle cell is pathologic, i e , fatty degeneration is 
pi esent 

To prove our stand that fatty degeneration of the heart is diagnosed 
too often, we decided to examine a series of pathologic hearts and to 
utilize noimal human hearts as controls 

6 Virchow, R Virchows Arch f path Anat 1 94 , 1847 

7 Adami Principles of Pathology, Ed 2 11 151 1910 
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We examined, postmortem, the hearts of twelve patients from the 
medical services of Di L A Conner and Dr AV L AAhlhams at the 
New York Hospital These patients had been in the hospital as 
“cardiacs,” i e , they had myocai dial oi valvular disease or both, and 
the symptoms from which they suffered were primarily ascribed to 
their hearts They all died with the classical symptoms of myocardial 
failure The following is the clinical history typical of any one of these 
cases The pathologic findings in regard to presence or absence of 
fatty degeneration is also typical of all the hearts 

Case 1 — Chronic myocarditis Patient, aged 57, admitted March 3, 1921, 
and discharged April 25, 1921 Entered hospital with the complaint of dizziness, 
swelling and pain in abdomen and legs Gave a long history of alcoholism 
and for past five years had d 3 'spnea on exertion and precordial pain, rarely 
fainting attacks 

Examination — His heart was enlarged, 13 cm to the left in sixth space and 
2 cm to the right in fourth space Heart sounds were of very poor quality 
and distant Extrasystoles and slow rate, from 50 to 60 

Blood pressure 140/90 Urine contained heavy trace of albumin, hyaline 
and granular casts , specific gravity, 1 020 Blood urea 40 mg per 100 c c 
Neciopsy Findings — Chronic parenchymatous nephritis, kidney infarcts, 
general atherosclerosis , chronic myocarditis (replacement fibrosis) , hyper- 
trophj of heart, liver congestion, chrome perisplenitis 

The gross examination of the heart showed on the surface of the organ a 
considerable increase of fatty tissue The heart was much enlarged No 
areas of fibrosis were observed Valves were negative, except for very slight 
thickening of the edge of the mitral valve Coronaries markedly thickened and 
calcified and narrowed throughout 

The microscopic examination of the heart revealed connective tissue replace- 
ment, considerably so in the region of the left apex and m the right ventricle 
The septum showed a moderate degree of fibrous infiltration A few small round 
cell foci were present at the pericardial surface of the left ventricle, rarely m 
the muscle itself 

Innumerable fat droplets were found in large quantities in the 
muscle cells proper These were arranged in the cell in the classically 
described positions for fatty degeneration, i e , in longitudinal and 
transverse rows between the muscle fibrillae, and areas of muscle cells 
filled with fat alternated with those practically free fiom this tissue 

Wilhus® correlated the dectiocardiographic findings during life 
with the pathologic condition of the cardiac muscle at death He 
describes five cases of heart failure, reporting “marked fatty degenera- 
tion in each case Any well known textbook of pathology ® illustrates 
fatty degeneration of the heart muscle exactly duplicating the pictures 
we obtained in the hearts of even^ one of our series of cases Our 
scharlach R strain demonstiated the minute led droplets in every heait 

8 Willius, E A Majm Clinic Collected Papers for 1918 p 410 

9 MacCallum Textbook of Pathologv. 1920, Ed 2 p 84 Beattie and 
Dickson Textbook of General Patho]og 3 % 1921 pp 40 and 45 Stengel and 
Fox Textbook of Pathology, 1921, Ed 7, p 503 
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examined Pieviously we believed as othei writers did that visible fat 
IS pathologic, but vhen every heart depicted this finding, our opinion 
\/as stiengthened that this view was mcoriect Hence, we had lecourse 
to oui series of contiols This is the crux of the matter If the normal 
heaits evidenced no fat droplets in the muscle cell, we could say that 


Microscopic \ tL\ Visible Fat in Noesial Human Heart Muscle 
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* In tins column, d denotes male, and 2 female 


this finding was pathologic However, if the controls showed fat 
granules in human cardiac muscle to be a common finding then our 
entire conception of fatty degeneration of the heart would have to be 
revised, pathologically and clinically, because the latter depended for 
proof on the necropsy findings 
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Hence, we obtained thirteen hearts at the Bellevue Hospital morgue 
from persons who had met sudden, violent death by bullet or stab 
wounds, etc , and where the necropsy failed to show any abnormality 
that was apparent to the unaided eye These people ranged in age 
fiom 8 to 56 years, the average age being 32 years Sections were 
taken fiom each ventricle, septum and auricle The tissue was fixed m 



Fig 3 Case 2 Localized area of fatty degeneration in vicinit 3 ^ of infarcted 
heart muscle (Low power microphotograph ) 


liquor formaldehyd and within twenty-four hours frozen sections were 
stained with a saturated solution of scharlach R dye in equal parts 
of /O per cent alcohol and pure acetone The technic followed was 
that given b) Mallory and Wiighti" At the conclusion of the experi- 


10 Mallory and Wright Histological Technique, Ed 7, p 167 
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ments we stained one of the heaits with osmic acid (mateiial tieated 
with foiinaldehyd, placed in Maichi’s fluid and cut by the fieezing 
iniciotome) The lesults obtained weie siinilai to those obtained with 
schailach R The table and mici ophotogi aphs show oui findings In 
legaid to the schailach R stain, we found small red dioplets of varying 
sizes in the sai coplasm of the caidiac muscle cells These were ai ranged 
in longitudinal and tiansveise lows, the longitudinal dioplets appeal- 
ing between m}ofibiillae The numbei of gianules varied Some 
heaits weie stained diftusely and umfoimly, some scaicely at all, and 



Fjg 4_Case D Osmic acid stain Results similar to scharlach R (see 
Case A , Fig 1) 

commonly theie weie gioups of cells which took the strain well while 
in the immediate vicinity weie cells which contained little, if any, fat 
The findings were similar to those in the diseased hearts 

The so-called pigment of brown atrophy, which is located at the 
poles of the nucleus and is supposed to be an indication of senility of 
the muscle, was stained yellow, yellow brown oi golden brown with 
scharlach R At fiist we found it a little difficult to distinguish between 
It and the diffuse fat droplets, but aftei some experience we weie able, 
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in practically every case, to dififei entiate between the coarser brownish 
bipolar granules and the smaller red fat droplets distributed diffusely 
throughout the cell and arranged in longitudinal and transverse rows 
With osmic acid the bipolar pigment was stained light brown, whereas 
the fat granules were intensely black 

Hofbauer described visible fat in normal human fetal muscles in 
1905 Bell,^^ in 1912, first showed that visible fat is normally present 
in the cardiac muscle of the common laboratory mammals He also 
demonstrated that the quantity of visible fat is increased when fatty 
foods are given and diminished when the animals aie starved Wegehn 
found fat m the cardiac tissue of rats He also examined the heart of 
an insane man who had jumped out of the window, and found fat in 
quantities, although the organs appeared to be normal at the necropsy 
He expressed the belief that fat could be demonstrated microscopically 
in normal human heart muscle Eyselein did not agree with this 

Bullard in 1912 stated that although scharlach R was not specific 
for neutral fat (scharlach R and sudan HI stain neutral fats, fatty 
acids, soaps and lipoids with varying degrees of intensity), and, 
although he did not believe that all the colored dioplets in mammalian 
cardiac muscle were neutral fat, yet he thought that most of them 
undoubtedly weie 

In a subsequent communication, Bullard showed that micro- 
scopically demonstrable fat is present in the normal cardiac tissue of 
rats, cats, dogs, hogs, oxen and sheep More than 200 animals were 
investigated The fat droplets in the sarcoplasm were arranged in rows 
between the muscle fibnllae and in transverse lines in segments on 
eithei side of the membrane of Kiause He also noted fatty fibers 
side by side with nonfatty areas However, in other cases all the cells 
showed a uniform diffuse mottled appearance 

We do not wish to go into detail of the histology and chemistry 
of fats Those interested can obtain in detail the reason foi the con- 
clusion of Bullard He gave decisive evidence foi believing that visible 

11 Hofbauer, J Die Physiologische Fettinfiltralion des Fetalen Herzens, 
Anat Anz 27 426, 1905 

12 Bell, E T The Interstitial Granules in Fatty Metamorphosis of 
Striated Muscle, J Path & Bacteriol 17 147, 1912 

13 Wegehn, C Ueber alimentare Herzmuskelverfettung, Berl klin 
Wchnschr 50 2125, 2190, 1913 

14 Eyselein, K Untersuchung uber den Fettgehalt der Herzmuskulatur, 
Virchows Arch f path Anat 218 30, 1914 

15 Bullard, H H The Microscopical Demonstration of Fats in Tissue 
Sections, J M Research 27 55, 1912 

16 Bullard, H H On the Occurrence and Physiologic Significance of Fat 
in the Muscle Fibers of the Normal Mjocardium and Atrioventricular System, 
Am J Anat 19 137, 1916 
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dioplets of neulial fat occur in physiologic circumstances in the cardiac 
muscle libel s of mammals Space prevents the repetition of these argu- 
ments and pi oof 

He utilizes a 20 pci cent solution of liquor formaldehyd" rendeied isotonic 
with 0 75 gm sodium chlond per himdicd cubic centimeters of liquid Tis- 
sues aic fixed for fiom one-half to five hours and then cut on the freezing 
miciotomc If this pioccdure is followed, the quantity of fat does not differ 
from that obtained in fresh tissues By means of lierxhcimcr’s alkaline alco- 
holic solution of schailach R, fat may often be demonstrated in larger amounts 
than In the simple alcoholic solution of dye This stain “ is a saturated solu- 
tion of scharlach R m 70 per cent alcohol to which 2 gm of sodium hydroxid 
are added for every 100 c c of fluid Precipitates must be avoided 

Within the last few jeais several ai tides” bare appealed m the literature 
that tend to piovc that the pigment of brown atiophy is an endogenous melanin 
and that some of the red droplets in the cell brought out by the scharlach R 
arc of exogenous lipochromc But this lipochromc is stained a deep blue by 
Nile blue stain, not red, as the fat granules aie Other writers, too, state that 
the pigment can be scpaiated from the fat 


The piesence of fat in the cells of noimal human cardiac tissue 
was a ic\ elation not only to us but to others An eminent pathologist 
was shown oui schailach R sections of noimal heaits Without know- 
ing the history of the cases he stated that the hearts were pathologic, 
I e , that they showed fatty degeneration He was surprised to learn 
that the sections weie fioni normal human hearts 

It must be cleai by this time that visible fat is a normal finding 
in human caidiac muscle Similaily, it must also be evident that 
visible fat within the muscle cell doe« not signify fatty degeneiation 
Although we believe that fatty degeneiation is quite rare in the 
hearts of those dying fiom caidiac disease, localized areas of fatty 
degeneration in the heart muscle are not so uncommon One of our 
twelve pathologic heai ts depicted this finding 


Casf 2 — Coronary' artery' disease Patient aged 59, admitted to New York 
Hospital May 25, 1921, died Tunc 7, 1921 Sixteen months before entering hos- 
pital had severe attack of abdominal gas pains Recuirences of mci easing fre- 
quency with dyspnea on exertion Cough piesent June 3, 1921 Pulse became 
irregular Heart enlaigcd slightly', sounds distant Clinically, and from the 
electrocardiographic point of view patient was considered to have coronary 
artery' disease with thrombus Blood picssure 110/70 Urine, normal, Was- 
sermann negative 

The gross examination of the heart showed that organ to be enlarged, 
weighing 500 gm On the posteiior surface of the left ventricle there was a 
pale focus Three to four millimeters beneath the endocardium there was a 
grayish yellow layer Coionaries showed marked thickening, the lumen of t e 
anterior descending bianch of the left coronary was occluded by an old thrombus 


17 Mann, G Physiological Histology, Oxford, Claiendon Press, 1902, p 88 

18 Hcixhcimcr, G Uebci Fettfarbstoffe, Deutsch med Wchnschr 27 607, 

^ 19 Dolley, D IT , and Guthrie, F V The Pigmentation of Heart Muscle, 
J M Research 42 289, 1921 
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The microscopic examination revealed necrotic areas m the septum Adja- 
cent portions showed marked fattj^ degeneration as shown in sections stained 
with scharlach R There were areas of fibrous tissue replacement In the 
lateral wall of the left ventricle there were also areas of fibrous replacement 
with less marked but very evident fatty degeneration and infiltration The 
right ventricle appeared normal except for a slight increase of connective tis- 
sue Here evidence of necrosis, fibrosis, nuclear changes, disappearance of mus- 
cle striations, great numbers of fat granules, etc , helped to make the diagnosis 
of fatty degeneration of this localized area 

It appears, theiefoie, that in twelve pathologic hearts in which one 
might have diagnosed fatty degeneration of more or less seventy not 
one showed this condition This we pi oved on the bases of the normal 
hearts as a standard 

Certain facts must cleaily be evident Normal hearts contain micro- 
scopically visible fat Mici oscopically visible fat alone does not stamp 
a heart as demonstrating fatty degeneration Fatty degeneration of 
the heart is much less common than supposed Clinically fatty degen- 
eration of the heait is, therefore, a very uncertain diagnosis 

SUMMARY 

1 The clinical diagnosis of fatty degeneration of the heart is still 
made too commonly It is a veiy uncertain diagnosis 

2 There are no symptoms peculiar to this condition, nor is there 
any pathognomonic sign for its diagnosis 

3 The diagnosis should be made by inference only The etiologic 
factors m fatty degeneration will help 

4 In reference to degenerative changes in the heart muscle, fatty 
and fibrous changes should not be differentiated clinically This is 
Mackenzie’s view 

5 Fatty degeneration of the heart is a finding too frequently made 
postmortem The presence of microscopically visible fat in the muscle 
cell IS not sufficient for this diagnosis 

6 In human cardiac muscle microscopically visible fat is normally 
present , it is by no means necessarily pathological The fat resides 
in the sacroplasm between the muscle fibrils and is arranged in longi- 
tudinal and transverse rows Apparently, the amount has no relation 
to the state of nutrition at the time of death , neither has the age of the 
subject (from 8 to 56 years), the color, nor the sex 

7 The picture presented by the diffuse red droplets (scharlach R) 
or the black granules (osmic acid) closely resemble the classical illustra- 
tions many textbooks of pathology utilize to picture fatty degeneration 
of the heart True fatty degeneration, e g, the “tigei -heart,” is 
recognized by the greater number and size of the granules, the evidence 
of inflammation, c g , nuclear changes, disappearing of striations, etc 

20 Mackenzie, J Diseases of the Heart, 1918, Ed 3, pp 313 315 
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8 In all expel imental woik m which sections of cardiac tissue aie 
stained for fat, noimal conditions should be kept in mind and control 
studies made whenexei possible In the investigation of twelve path- 
ologic heaits we found not one oigan demonstrating fatty degeneration 
Anothei wiitei peifoimmg work similar to ours reported “maiked 
fatty degeneiation” in eveiy case 

9 The so-called pigment of brown atrophy of the heart, winch is 
supposed to be an indication of degenerative processes, e g , senility, 
uas found in model ate amounts in two healthy boys, one 8 )’’ears of 
age, the othei IS 



INTRAPERICARDIAL RUPTURE OF AORTIC 
ANEURYSM IN A BOY SIXTEEN 
YEARS OF AGE-5- 

De WAYNE G RICHEY 

PITTSBURGH 

Aneurysm of the thoracic aorta in the young is not encountered 
frequently After a rather detailed search, it has been possible to collect 
from the literature forty-one instances of aneurysm of the thoracic 
aorta in persons not more than 18 years of age We could not find 
a record of an earlier case than that reported in 1834 by R T Smith, ^ 
who described an aneurysm of the ascending aorta in a boy, aged 16 
The aneurysm had ruptured into the pericardial sac while the lad was 
ascending a ladder Since then sporadic case reports have appeared and 
tabulations of known cases have been made by Le Boutillier,^ Bronson 
and Sutherland,® Heiman ^ and Calvin ® 

As the accompanying table will show, twenty-four of the forty-one 
recorded cases were in males The ages ranged from 1 5 to 18 years 
Less than half (nineteen) had been amplified by necropsy Nineteen had 
involved the ascending limb of the aortic arch, two the ascending and 
transverse portions, two the transverse part alone and two the descend- 
ing limb In the remaining cases it was stated that the aneurysm 
occurred along the arch Fifteen had ruptured, at least eight of which 
had broken into the pericardial sac 

In four, those of Roger,® Rie,^ F J Smith ® and Madsen ® no 
cause had been ascribed to the production of the aneurysm It is worthy 
of note that nearly half of all the cases (twenty) were associated with 
a mycosis, usually rheumatic fevei, Avith oi without an acute, sub- 

'>=From the Department of Pathology, Mercy Hospital, Pittsburgh, and 
the Coroner’s Service, Allegheny County, Pa 

Read before the American and Canadian Sections, International Associ- 
ation of Medical Museums, Washington, D C, May, 1922 

1 Smith, R T Lancet 1 626, 1834 

2 Le Boutillier Am J M Sc 125 778, 1903 

3 Bronson and Sutherland Brit J Child Dis 15 16, 1918 

4 Heiman Arch Pediat 36 543, 1919 

5 Calvin, J K Aneurysms of the Thoracic Aorta m Children, Am J 
Dis Child 21 327 (April) 1921 

6 Roger Bull et mem Soc med d hop de Par , p 499, 1863 

7 Rie Wien med Wrhnschr 39 556, 1889 

8 Smith, F J Tr Path Soc Lond 48 53, 1897 

9 Madsen Med Rec, Bergen, 28 530, 1916 
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acute 01 chionic bactenal endocai ditis These cases had been described 
by R T Smithd Moutaid-MaitnV*' Thibieige/^ Moore/- Sanne/" A 
A Smith/" Bacelh/- Muidock and Welch/'’ Le Boutilher/ Joidan/' 
Feytaud/® Roy/"* Klotz,-'* Miguel and Calvin/ while Oppenheimer’s -- 
case showed atheiomatous plaques m the media It is equall}^ note- 
woithy that only two cases— those of Willson and Marc}^^^ and 
Heiman/ piesented ii refutable evidence of syphilis, despite the fact 
that viitiially e\eiy authoi gave cognizance to syphilis as a piobable 
etiologic factor Trauma seemed to play a part in two instances 
(Pendin,-" j\'IacKeen -^) and two cases occurred m athletes dining vio- 
lent exercise (Jones/« Beiry =■) In four cases— those of Hutchinson,-® 
Willett-'’ and Clarke — the aneui}sm was due, apparently, to erosion of 
the aortic wall by a contiguous suppurating or tuberculous focus 

It has long been assumed by many that inasmuch as syphilis plays 
a leading idle m the causation of aoitic aneurysms in adults, it must 
necessarily follow that the Spnocheta pallida is the offender in similar 
lesions in the }oung At the same time, the importance of lesions 
produced in the arteiial tree dining acute iheumatic fever, recurrent 
rheumatic fever or chronic iheumatism, in the presence or absence ot 
a bactenal endocarditis, has been underestimated, as Feytaud and 
Klotz-” have indicated Moieover, we admit that the young aie espe- 
cially susceptible to infection by the Sfi epfococcits viudaiis group of 
organisms, but as oui attention has been centeied more paiticulail) on 
the poitals of entry, the endocarditides and aithritides, we have foi- 
gotten that the vasculai tiee is also prone to mvohement by similai 
inflammatory processes, the end lesiilt of which is not infieqnently 
aneur5’’sm, with oi without iiiptiiie It is only natural, theiefore, that 

10 Moutard-Martin Bull de la Soc Anat 1875, p 775 

11 Thibiergc La France med 2 913, 1881 

12 Moore Tr Path Soc Lond 34 71, 1882 

13 Sanne Rev mens d mal de I’enf 5 56, 1887 

14 Smith, A A Med Rec 44 349, 1893 

15 Bacelh Semame med 18 137, 1898 

16 Murdock and Welch Edinburgh Hosp Rep 6 84, 1900 

17 Jordan Lancet 1 515, 1903 

18 Feytaud These de Pans, 1906 

19 Roy Bull et mem Soc Anat de Par 28 198, 1908 

20 Klotz J Path & Bacteriol 18 259, 1913 

21 Miguel Bull gen de Therap 9 393, 1919 

22 Oppenheimer Virchows Arch f path Anat 181 382, 1905 

23 Willson and Marcy Proc Path Soc Phila 16 63, 1914 

24 Pendm St Petersburg med Wchnschr 7 195, 1890 

25 MacKeen Med News 61 272, 1892 

26 Jones After Crisp, Diseases of Blood Vessels, 1847, p 341 

27 Berry Bnt M J 2 1745, 1898 

28 Hutchinson Tr Path Soc Lond 5 104 1854 

29 Willett Tr Path Soc Lond 43 38, 1892 
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the streptococcal group, in the presence or absence of the syndrome 
recognized as rheumatic fever and its sequels, is the predominant causal 
factor in the production of aneurysms in the young, and that syphilis, 
evidently, plays a minor role Certainly, the facts as presented in these 
collected cases confirm these views 


Collected Cases or Aneurism or Thoracic Aorta in Persons Less 
Than Eighteen Years of Age 


Author 

Te ir 

Se\* 

! Age 

1 

Neciopsj 

1 

Location 

1 

1 Rupture 

Associated mth 

E T Smith 

1S34 

1 c? 

1 16 

Yes 

Iscending 

Intnpen 

Chronic endocarditis and 



! 



caidi il 

exertion 

Jones 

isn 

d" 

' 16 

Yes 

Ascending 

Intrapcri 

Fxertion, athlete ("st-tus 






c luhal 

lymph aticus) 

Hutclnnson 

1854 

$ 

4 

Yes 

Arch 

Yes 

Erosion of thoiacic ab 





1 



SCGSS 

Eoger 

lg(i3 

9 

1 16 

Iso 

Aich 

No 

Unknown 

jMouta^d-M^r 

18i5 

cf 

1 2 

Yes 

Ascending 

No 

Subacutcendoearditis and 

tin 

1 




1 

congenital heart disease 

Thibierge 

ISSl 

0 

17 

Yes 

Ascending 

No 

Subacute endocarditis 

Mooie 

1882 

9 

, 5 

Yes 

Ascending 

No 

Acute endocarditis 

Sanno 

1881 

cT 

13 

Yes 

Ascending 

No 

Acute endocarditis 

Eie 

1889 

V 

5 

No 

Arch 

No 

Unknojvn 

Pendin 

1890 

9 

12 

No 

Arch 

No 

Trauma, fall 

Willett 

1892 

cf 

4 1 

No 

Descending 

A'ps 

Erosion by suppurating 








lymph node 

MaeReen 

1892 

9 

3 

No 

Arch 

No 

Trauma, fall 

Acute rheumatic fever 

A A Smith 

1893 

d 

18 

No 

Ascending and 

No 

Smith and 





tiansvcrso 



189“ 

d 

9 

Yes 

Iransjcrse 

No 

Congenital stenosis 

Tirgett 







P J Smith 

1897 


9 

No 

; Descending 

No 

Unknojvn 

Berry 

1898 

d \ 

15 

les 

Ascending 

Intr men 

Exertion athlete (’status 

Bacelli 





cirdnl 

lymphatieus) 

1898 

d 

16 

No 

Arch 

No 

Acute rheumatic fever 

Murdoclv and 

1900 

d 

12 

Acs 

Ascending 

No 

Acute endocarditis and 

Welch 






congenital heart disease 

LeBoutilhei 

1903 1 


9 

No 

j Transj erso 

No 

Acute rheumatic fever 

Jordan 

1903 1 






and pertussis 

d 

6 

Yes 

Ascending 

Intrapen- 

Septic aortitis, embolism 

Wasajeina 

1903 





caidial 

of the J asa j asorum 

d 

13 

Yes 

Ascending 

Intrapen 

Congenital stenosis 

Oppenheimer 






cardial 


1903 

9 

9 

Aes 

Arcli 

A'es 

Atheromatous plaques in 

Feataud 

1900 


1216 

No 

Ascending 

No 

media 

Acute rheumatic fej er 

Fejtaud 

1900 


12 10 

No 

Ascending 

No 

Acute rheumatic fever 

Fcjtaud 

1900 


12 16 

No 

Ascending 

No 

1 Acute rheumatic fcj er 

Fejtaud 

1900 


12-10 

No 

Ascending 

No 

Acute rheumatic fej er 

Fej taud 

1900 

d 

12-16 

No 

Ascending 

Yes 

Acute rheumatic feJ er 

Willson and 
Marcy 

1907 

4 

, Yes 

Ascending and 

Intrapen 

1 Syphilis 

1907 




transj erse 

cardial 

Horder 

d 

12 

A'es 

Ascending 

Intrapcri 

Congenital stenosis of 

Roj 

1908 

d 

15 

A’'es 

Ascending 

cardial 

No 

aorta 

Acute infection of un 

MacNaltj 

1909 

d 

14 

No 

Arch 

No 

known character 
Congenital hare lip etc 

Armit ige 

1919 

d 

7 

No 

Arch 1 


(’status lymphatieus) 
Congenital cardiac ano 

Klotz 

1913 

d 

0 

Yes 

Ascending 

No 

malj 

Acute mycosis, vegetative 

Madsen 
Bronson and 
Sutherland 

1910 

1918 

d 

d 

m 

4 

Yes 

Yes 

Arch 

Ascending 

Y’es 

Intrapcri 

cardial 

No 

No 

mitral endocarditis 

Not mentioned 

Congenital stenosis 

Heiman 

Miguel 

1919 

1919 

d 

d 

13 

14 

No 

No 

Arch 

Arch 

Sjphilis 

Acute infection of un 

Calvin 

Calvin 

ClarLet 

1921 

1921 

d 

9 

11 

9 

No 

No ^ 

Arch 

Arch 

Arch 

No 

No 

Yes 

knojvn character 
Recurrent iheumatiefejer 
Recurrent chorea 

Erosion by caseous lymph 

ClarlvOt 





Arch 

Yes 

node 

Erosion bj caseous Ijmph 


1 






node 


* In tins column, c? incIicTte« imle und $ femilc 
t Quoted by Cnlvm 
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Foul of the cases, as delineated by Smith and Taigett,®® Wasa- 
jerna,^ Hoidei and Bionson and Sutheiland,^ weie associated with 
a stenosis of the aoita in the vicmitj of the ductus aitenosus The 
stenosis vaiied fiom a coaictation to nan owing of a lesser deoree 
Armitage s case was attended by a congenital heart lesion There 
can be no doubt that a ceitam numbei of aoitic aneurysms m the 
)Oimg occur pioximally to a congenital stenosis of the aorta, wheie, 
apparentl}’^, they depend on mechanical factois for their production, 
just as spontaneous luptuie of the aoita in the absence of distal constric- 
tion can come to pass, as desciibed by Osier m a boy aged 13 ^ears 
In the case I lepoit, theie was no evidence of syphilis or mycosis 
No coaictation of the aoita could be found, but there was a uniform 
narrowing of the aoitic aich just beyond the aneuiysm of the ascending 
limb, which I legard as a hypoplasia associated with status thymico- 
l}mphaticiis As I have been unable to unearth a similar case m the 
hteratuie, the findings aie detailed heiewith 

REPORT Cr CASE 

— \ boy, aged 16 jeais, died suddenly as a result of a hemopericar- 
dium following the rupture of an aucivsm of the ascending hmb of the aortic 
arch into the pericardial sac Clinicalb', the case has virtually no status, as 
the jouth w'as found dead, coming to necropsy on my service as pathologist 
to the coroner It was known that, in the performance of his duties, he had 
been ascending and descending a laddei At a later date it was learned fiom 
his parents that he had always been a healthy, active child, fond of play and 
interested m his school work His birth had been uneventful Early in life 
the mother noted a slight tendenej to clubbed feet, a relaxation of the inguinal 
rings and a slight difficullv in aiticulation — due to tongue-tiedness Although 
he played out of doors frequently, he had ahvavs been pale Six years before 
death, he fractured his arm by a fall while plavmg He had not had diphtheiia, 
scarlet fever, tonsillitis, rheumatism, whooping cough or any of the diseases 
of childhood, save measles The mother and fathei had ahvavs been w'ell 
Their blood yielded a negative Wasscrmaiin reaction Three childien were 
living and W'ell One other had died of scarlet fevei 

Ncaopsv Rcpoit — The body had a cream colored pallor The skin was 
soft, lusterless and delicate in texture There w'as no axillary hair The 
escutcheon w'as scant and tended to the female type The superficial veins of 
the chest and abdomen w^eie distended The thymus was enlarged, weighing 
60 gm , but nothing but h 3 'perplasia could be demonstrated in it microscopicallj'’ 
The mediastinal and mesenteric bmiph nodes w'ere also hyperplastic, but other- 
wise healthy There were 100 c c of cleai, watery fluid in the abdominal cav- 
ity The liver and spleen gave evidence of chronic passive congestion All 
the arteries wmre small and thin walled The ascitic fluid yielded a negative 
Wassermann reaction 

30 Smith and Targett Tr Path Soc Lond 48 S3, 1897 

31 Wasajerna Ztschr f klin Med 90 405, 1903 

32 Horder St Bartholomew’s Hosp Rep 43 57, 1908 

33 Armitage Quoted by McGrawq Tr Am Surg Assn 27 532, 1909 

34 Osier Osier’s Modern Med 4 467, 1908 
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There was 600 c c of recently clotted blood in the distended pericardial sac 
The heart weighed 245 gm , being somewhat larger than the normal heart at 
this age, due to a moderate hypertrophy of the left ventricle Otherwise the 
heart was normal There was a saccular aneurysm of the ascending portion 
of the aorta which had caused a relative dilatation of the otherwise normal 
aoitic valve The aneurysm was directed posteriorly, where on the left lateral 
wall at a point 2 5 cm above the level of the aortic valve, a linear slit, 1 cm in 
length, indicated the site of rupture, affording a point of egress for the blood 
into the pericardial sac Here the aneurysmal wall was especially thin On 
the mtimal aspect, two distinct lesions were noted One (an old, healed np of 
the Ultima) began above the right posterior cusp of the aortic valve and 
extended transversely on the posterior aortic wall for a distance of 5 5 cm 
Due to the process of repair, the wall at this area was thickened Here, also, 
the overhanging, rounded edge indicated a beginning dissecting aneurysm 
which had spontaneously terminated and healed The other lesion was a more 
recent one, consisting of a fresh rip m the intima and inner part of the media 
This commenced at the left angle of the old tear, extending downward and 



P'S 1 — External view of aneurysm (reconstructed) The site of intra- 
pencardial rupture is shown at A and the diminutive calibre of aorta at B 


backward to end 5 mm above the left posterior cusp of the aortic valve That 
this rent was also dissecting was shown by the fact that the sharp, thin, knife- 
like edges were undei mined It was apparent, too, that the tear in the intima 
lad preceded the rupture externally as indicated by the presence of organizing 
thrombus between the split layers of the media It was this np which had 
ec to the intrapencardial lupture, the heniopericardium and the sudden death 
Above the aneurysm the aorta was of small calibre, 1 5 cm in diameter, as 
compared to the normal diameter of 3 2 cm, as given by Vieiordt and Schicler = 
for joung men between 15 and 25 and by Thoma=^ between 19 and 21 The 
lameter o the entire aorta was about half the norm, there being no localized 

coarctation The aorta away from the aneurj'sm was thin walled 
(0 75 mm), but otherwise healthy 

MxcJoscopicaUy, there was a replacement fibrosis at the site of the old rup- 
ture, uhere considerable fragmentation of the muscle layer had occurred Only 
a ew scattered lymphocytes and plasma cells were seen As shown by various 

35 Abbott Osier’s Modern Med 4 416, 1908 
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stains, the elastic fibrils were few in number The other portion of the aortic 
wall was thin and tree from demonstrable inflammatory cell infiltration No 
spirochetes could be demonstrated in the aortic wall or heart muscle by the 
silver stains as desciibed b\ Warlhin and Starry Haythorn” and Levaditr’ 
There nas no emdence of fatty degeneration The kidne 3 s were free from 
demonstralilc inflammatory foci 

Comment — There aie two onlstandmg conditions m the specimen 
One, the uniform nan owing of the aortic lumen with a marked hypo- 
plastic state of the aortic wall, associated, presumably, with the status 
thymicolymphaticus and the other that the lesions at the site of the 
aneurysmal dilatation indicate an old and new rip in the intima The 



Fig 2 — Internal view of aneurysm The character of the old, healed 
mtimal np is shown at A — A' 


old rip evidently had been arrested and healed, while the new one 
ruptured into the pericardial cavity It is possible that the old tear 
occurred six years ago as a result of the fall which fractured an arm and 


36 Warthin, A S, and Starry, A C Second Improved Method for the 
Demonstration of Spirochaeta Pallida m the Tissues, J A i' 

22) 1921 

37 Haythorn, S R A Short Silver Impregnation Method for the Demon- 
stration of Spirochaeta Pallida in Tissue, JAMA 76 (i arc 

38 Levaditi, Mallory and Wright Pathological Technique, 1908, p 419 
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that the rupture occurred while the boy was chrnbing up and down the 
ladder (as in Smith’s^ case) or while straining during the act of 
defecation 

Besides the absence of demonstrable infection, there are certain 
characteristics common to these aneurysms, as seen in persons under 20, 
Avhich result from congenital malformations of the aorta Naturally, 
they occur proximally to the point of narrowing, most frequently 
involving the ascending limb of the aortic arch Almost invariably 
they are found on the convexity of the ascending aicli, in that region 
which stands the biunt of the blood cuiient The aneui3^sm is fusiform 



Fig 3 — Internal view of aneurysm The old up is again seen at A — A' 
and the new one which led to the fatal runtuie as indicated by the inserted 
match stem, at B At C can be seen the undermined edge of the healed rip, 
showing the tendency of the lesion to dissect 


or saccular, and not uncommonly theie is a shaip, well defined rip m 
the intima and inner layers of the media with a beginning dissecting 
aneurysm, teiminating in rupture into the peiicaidial sac, the rent in 
the adventitia rarely being directly opposite that in the intima All of 
these properties are embodied in the specimen piesented From the 
desciiption of their cases, it is altogether likely that the aneurysm 
recorded by Jones,='« Berry and MacNalty were dependent, in part, 
on aiterial defects due to status lymphaticus 

Hypoplasia of the cardiovascular system is sometimes associated 
with lymphatism, although the extensive investigations of Abbott,®® 


39 MacNalty Proc Roy Soc Med Lond 3 35, 1909 
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Ewing, von Nensser,-*^ and Waithin'*- indicate that it is not often 
a factoi in the piodiiction of aoitic aneurysm Syinmers believes 
that the inci eased elasticit} of the aortic wall adequately compensates 
for the muial thinness, although he confirms Noiris’ observation that 
ruptuie of ceiebial vessels in the young are occasionally found in 
subjects with status l}mphaticus Only one lefeience to aneuiysm 
m a hypoplastic aoita was encountered Lee Dickinson desciibed 
two such cases in a man and a woman, aged 29 and 36 yeais, lespectively 
Both hovever, occurred in the abdominal aorta Von Neusser-^i and 
Libmaii''’ mention the possibility of iips occuriing in the intima of a 
congenilalh weak aoitic aich, the latter thinker emphasizing the impor- 
tance of model ate degiees of aortic stenosis in the production of 
aneurysmal dilatation and cardiac hypertiophy 

I agree with Klotz,'^'' uniesei\edly, that “the mechanical theory of 
aneunsni vhich placed gieatei stiess for the pioduction of aneurysm 
on the effect of high blood pressure oi, as otheis would have it, on the 
effect of ^eloclty of curients, than on the disease m the wall of the 
artei} had foi a time enticed oui attention into channels of thought and 
theon no longei tenable with the newer studies,” and, as has been 
pointed out, no one will gainsay that the vast majority of aortic 
aneurysms do lesult aftei weakening of the wall by bacterial imasion, 
foi “it is only a weakened ^essel which can develop aneuivsm ” It 
has been demonstiated that puiely mechanical aneui>sms can be pro- 
duced usually, in a vessel inherently weak as a lesult of congenital 
malfoimation so that the vessel is unable to withstand a sudden, se\ere, 
albeit 1 ery tiansient, use of blood pressuie 

Suniinaiy — Accordingly, it is my impression fiom the evidence 
piesented, that this aneuiysm followed the old, intimal teai which latei 
healed , that this teai resulted fioni a sudden inciease in aiteiial tension, 
forcing the blood through the narrowed aoita, that the hypoplasia, 
associated with the status lymphaticus, was a contributing cause , that 
the recent teai also occuiied as a result of a sudden inciease in blood 
pressure and that, a short time later, before the new up had an 
opportunity to reinfoice itself, another strain caused the external 
rupture with the fatal hemopencardium Cases veiy similai to this one 
have been detailed by Bionson and Sutheiland,'* Hordei,®- Smith and 

40 Ewmg, James Military Aspect of Status Lymphaticus JAMA 

71 1525 (Nov 9) 1918 , , „ 

41 von Neusser Augewahltes der klinischer S 3 ’'mptomatologie ind lag 

nose, Wien, 1911, p 197 

42 Warthin Arch Pediat 26 617, 1909 

43 Sj'mmers Am J M Sc 156 40, 1918 

44 Dickinson Tr Path Soc Lond 45 52, 1894 

45 Libman, E Personal communication 

46 Klotz Am J M Sc 155 92, 1918 
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Targett,^'’ and Wassajerna,®^ as occurring in the young, and in her 
observations on congenital stenosis of the aorta, Abbott cites twelve 
cases of rupture, seven occurring m the ascending limb and five at the 
site of stenosis, as well as nine cases of aneurysm of the arch, five of 
which were of the dissecting form 

I feel that the case merits attention not merely because of its 
rarity but as a text to direct attention to the recognition of aortic 
aneurisms in the young as a potential cause of death, even m the 
absence of syphilis or other infections, notably iheumatic fever 



BLOOD SUGAR STANDARDS 

PART I NORilAL AND DIABETIC PERSONS 
HORACE GRAY, MD 

BOSTON 


The Pioblcm — Carbohydi ate tolerance may be studied in terms of 
either gl}cosuna oi glycemia Testing the urine for sugar is still of 
value for physicians who have small opportunity to take blood, as in 
insurance work, c or to have the blood analyzed, owing to remoteness 
fiom a laboiatoiy Blood sugar deteiminations, on the other hand, 
have proved more illuminating, especially m diagnosis, and, therefore, 
111 this paper will be consideied with little legard foi the urine findings 
or the blood sugar thieshold 

Standards should be founded not only on careful examination of a 
few persons but also on statistical analysis of many persons Senes 
of more than ten noimals seem to have been reported fiom only six 
clinics, and of these only two have been of satisfactory statistical 
size, namely, fifty-tin ee desciibed by Goto and Kuno ^ and fifty-eight 
by Cummings and Piness " 

The opinions resulting fiom such limited evidence disagree notably 
Even the same clinic, and that one of the foremost, has uttered such 
confusing- statements as the following “Experience by no means 
justifies the suspicion of diabetes in persons showing figures 

019 and 0 20 per cent when the sub- 

sequent samples are normal ” ^ And, on the other hand “The plasma 
sugar after a mixed meal, 156 mg, showed the diabetic charactei 

The apparent aibitraimess of some standards, accordingly, makes 
necessary, what the quantity of evidence now published makes possible, 
a critical review The piesent perfoimance of this, mainly by consoli- 
dating results fiom all kinds of sources, is admitted to be inherently 
defective This fusion, nevertheless, affords a standard more broadly 
based than any yet available To supplant this tentative standard we 
need (1) a laige series of normals more carefully chosen than has 
usually been the case, (2) agreement on the test substance and dose, 


1 Goto, K , and Kuno, N Studies on Renal Threshold for Glucose, Arch 
Int Med 27 224 (Feb ) 1921 

2 Cummings, R , and Piness, G A Study of Blood Sugar A Comparison 
of the Tolerance for Glucose in Diabetic and Normal Subjects, Arch Int Med 


19 777 (May) 1917 

3 Allen, F M , and Mitchell, J W 
Int Med 25 648 (June) 1920 

4 Sherrill, J W A Case of Hereditary Diabetes, J 
(Dec 3) 1921 


A Case of Hereditarj Diabetes, Arch 


A M A 77 1779 
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(3) a minimum, fasting interval, or a uniform time after a fixed preced- 
ing meal, (4) consistent use of whole blood (or plasma), (5) a 
constant chemical technic, (6) the same technician, (7) particular 
attention to psychic hj'perglycenua by accepting with caution values 
obtained from inexperienced subjects or from the more painful punc- 
tures, such as the finger tips 

Defimtwns — The term blood sugar cuive is here applied to any 
glycemic reaction obtained in a tolerance test (i e , inner tolerance, 
irrespective of glycosuria or outer tolerance) whether theie was record 
of only one blood sugai figure, or whether there was record of the 
usual four or five figures fasting, half hour, one hour^ two hours and 
three hours This usage incidentally accounts for the variation in the 
numbei of totals in the five different columns in many of the tables 
The average represents the arithmetic mean (M) of all the values 
at any one peiiocl (e g , fasting, half hour, etc ) for any group (e g, 
of normal and diabetic patients, etc ) or combined groups These 
aveiages aie believed to lepiesent, as nearly as warranted by the facts 
aiailable, the composite or typical cuives to be expected after any 
given load 

llie term acme or peak as used throughout this paper signifies the 
highest blood sugar in an> given curve 

The term maximum is used in this papei for the highest value in 
any given gioup of cuives (e g , normal patients with 100 gm glucose, 
diabetic suspects with 50 gm starch, etc ) 

The term load covers jointly any test substance (glucose, starch, 
mixed meal) and any dosage (100 gm carbohydrate, or 50 gm carbo- 
hydrate — 3 gm protein — 0 gm fat, etc ) 

The glycemic coefficient of Baudouin ^ has not been considered 
here, owing to the evidence given by Frank ® and by Beigsma showing 
the eiror of the claim that because the usual rise from 0 10 before to 
0 16 after a load is only a 60 per cent increase it is safe to consider 
as noimal any 60 per cent rise foi example, fiom 0 20 before to 0 32 
after the load 

Numbei and Gioupiug of Cuives — ^In the couise of a rather careful 
seaich of the literatuie, moie than nine hundred cuives have been 
collected Aftei exclusion of a considerable numbei, because of some 
unusual peculiant} of piocedure, the remaining curves were sorted into 
the groups which are summaiized in Table 1 and then discussed 
seriatim 


1 PanrD«''24, WOS' s's"'”"' exper.mentale, 

6 Frank, E Ztschr f phjsiol Chem 70 291 (Jan 30) 1911 

7 Bergsma, E Ztschr f Geburtsh u Gynak 72 105, 1912 
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TABLE 1 —Groups or Curvi s Sruincn 


Part I 

Diagnosis 
Clinicnllv normal 
Diabctos mollltus 

Diabetes eUtli appaiontly essential iijpeitcnslon 

Part II 

E'sential (’) inpertension without eliabotcs mcllitiis 
^epbritis vitbout Inpeitension and 'without diabetes mellitns 
Chronic nephritis and ren il glycosuria 
Rend gljcosuria alone 

Renal gljeosnrii ach.inclng into diabetes mellitus 

Diabetes receding (’) into renal glycosuri i 

Pi( gn iney 

PueriJcrium 

Tlnroid disc ISO 

Hepatic disease 

Pituitarj disease 

aot.ll 


Is umber of C iscs 
4(0 
131 


30 

11 

70 

1 

3 

09 

1 (. 

77 

■>1 

16 

971 


CURVES IN THE CLINIC \LLY NORMAL 

Pasimg Blood Sitgo) — The entiie senes of cinves in normal peisons 
can be consolidated faiily only as regaids the fasting dcteimmations 
Of 431 such, the average was 0 09 pei cent, and the most fiequcnt 
^alue Mas 0 10 per cent, the minimum 0 04 pei cent, the maximum 
0 16 per cent, and the fiecjuency distnbution as shown m Table 2 

TABLE 2 — F \STIK(, Bioon Sl(.ar tn 431 Pirsons Ciinicaiiy Noumai 


B S OW 0 07 0 00 0 07 OOS 0 09 0 10 011 012 013 014 015 010 

Xo 2 0 22 a 70 97 116 06 10 8 0 1 1 = 431 


TABLE 3 — Fri Qui Nc\ oi Usagi or Diiiirlni Ti st Loads in Normal Pritsoxs 


I oad, Gm 
70-100 glucose 
'\Ii\Ld me 1 1 
70-100 cane sugar 
70 glUCO'-C 
70-100 Etaidi 
20-27 glucose 
150-200 glUCO'-C 
100 Icculoct 
10-77 fat 
70 staicli 


Niimbci of Cl ryes 
SCO 
77 
20 
21 
19 
16 
10 
11 
7 
1 


Total 


Exception rvill be taken immediately to the inclusion as normals of 
the peisons who yielded the fasting findings 016 and 015 pei cent, 
lespectively, piobably also the eight subjects ivith 013 per cent, and 
possibly also the nineteen subjects with 0 12 pei cent Although these 
findings do not suit our preformed fancy we cannot agree with their 
peiemptory rejection in the following statement, though it appears in 
one of the most valuable contributions to this subject 

“We aie unwilling to allow that Jacobsen’s figures be accepted as 
the standard for normals It is geneially conceded that normal persons 
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do not have sugar in the urine after the ingestion of 100 gni glucose, 
even when the glucose is taken into a fasting stomach Undoubtedly 
most of Jacobsen’s subjects had a somewhat lowered caibohydrate 
tolerance Our results, as well as those obtained by Hopkins, support 
this contention ” ® It is true, that suspiciously high fasting values were 
reported by Jacobsen,'' but the objection loses force when we notice the 
similai high values repoited by others Furthermore, if, in fact, it be 
“generally conceded, etc then geneiai concession is an insecure argu- 
ment, in the face of the observations fiom many souices compiled for 


TABLE 4 — One Hundred Grams Glucose in Persons Clinic \ll\ Norma.l 




Number of Obscnations 

at Each Hour 

Terccnt ige 


f 

Fasting 

% Hour 

1 Hour 

2 Hours 

3 Hours 

OOS 





1 


0 01 


2 


1 


1 

0 05 


7 


1 

1 

1 

0 00 


22 

1 

7 

12 

2 

0 07 


27 

2 

16 

21 

17 

OOS 


30 

3 

18 

17 

21 

0 09 


59 

3 

31 

41 

19 

010 


03 

3 

38 

43 

17 

on 


oS 

10 

34 

33 

9 

0 12 


14 

23 

30 

30 

7 

013 


0 

14 

31 

10 

4 

014 



31 

21 

13 

4 

or> 


1 

18 

14 

6 


016 


1 

18 

14 

16 


017 



7 

11 


1 

018 



0 

4 



0 i£> 



13 

0 



0 20 



1 

0 

1 


0 21 



0 

4 



0 22 



o 

o 



0 23 



1 

2 



0 24 




2 



0 25 






0 26 





1 


0 27 







0 28 




1 



Total number 

Tercentage of total number to be 0 17 per 

270 

15S 

300 

253 

103 

cent or more 


0 

20 

15 

1 

1 

Mean blood sugar 

Mode* 

Minimum 

Maximum 


0 09 

014 

012 

Oil 

0 09 


010 

0 04 
010 

014 

0 06 

0 23 

010 

004 

0 28 

010 

0 03 

0 26 

OOS 

004 

017 


The mode is the fashionable or commonest \ alue, by some considered the most typical 


Table 4 Out of those 129 cui\es in normal persons aftei the ingestion 
of 100 gm glucose accompanied by urine tests glycosuiia was piesent 
in 40 per cent , and would probably have been found in an even larger 
fi action except that in many cases the urine was examined only at one 
period of the glycemic curve 

Glucose, 100 Gin, in N oi mal Pei sons — The relative popularity of 
\arious loads may be judged from Table 3 The commonest was 100 
gm glucose , and this is, therefore, analyzed in detail in Table 4 It w^as 

8 Hamman, L , and Hirschman, I I Studies on Blood Sugar, Arch Int 
Med 20 761 (Nov) 1917 

9 Tacobsen, A T B Biochem Ztschr 56 471, 1913 
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consideied permissible to include a certain number of curves with 
somewhat smaller doses, down to 70 gm , inasmuch as these cur\es 
were, in general, fully as high as after the full dose of 100 gm The 
most interesting rows of figures aie the composite means and the 
maximums and these aie therefore also pictured in Chart 1 The salient 
featuies are these 

1 The a\eiage curve of this, the largest published series, is rather 
lower than has usually been stated, the average peak being only 0 14 
per cent 



Chart 1 — Three hundred normal persons Maximum, mean and minimum 
after 100 gm glucose Normal zone = band between horizontals at 011 and 
0 16 per cent Suspicious zone = dotted area 

2 The large range of high values is conspicuous from the shaded 
area One may be skeptical of such figures as 0 26 and 0 28 per cent 
Definition of the import of values of 0 17 per cent and over can justly 
be made only m the future when the after-history of these or similar 
exceptional subjects shall have been reported 

3 The frequency of these values above the average is startling, for 
they occur among the 300 one hour values m 13 per cent , and among 
the 158 half hour values in 20 per cent 

4 Of the three hour values 41 per cent read 0 10 per cent or 
more, in other words, more than the average preformed figures of the 
series While this is at variance with the statement not infrequently 
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made that the three hour figuie ni normals is legulaily equal to the 
initial figure, or even less, the lattei statement is true of a large number 
of the curves when considered individually This secondary hypo- 
glycemia is interesting though explanations of it seem to be still rather 
in the domain of theory, possibly hyperassimilation 

Compaiison of 100 Gm Glucose with Othei Doses of Glucose — 
Table 5 shows both average and maximum values, with the peak in each 
composite curve printed distinctively for emphasis The different doses 
are arranged m ordei of magnitude of the acme, and when two doses 
were each followed b}- the same acme, then that dose is put first whose 
cuive showed the highest second value The averages are also shown 
in Chart 2 and the maximums in Chart 3 Criticism can be made more 
concisely aftei showing the i elated tables 


TABLE S — Comparison or Cur\es or Normal Persons Aeter Varying 

Doses or Glucose 

(The peak of each cutve is emphasized by different type ) 




Blood 

Sugar 


Dose, Gm 

Ai enge« 

V 2 Hour 

1 Hour 

2 Hours 

3 Hours 

150-200 

0 16 

015 

012 

010 

50 

014 

0 14 

010 

010 

Consolidated 20-200 

0 14 

012 

Oil 

0 09 

70-100 

0 14 

012 

on 

0 09 

20-25 

JI-'Miniimis 

010 

012 

Oil 

0 09 

70-100 

0 23 

0 28 

0 20 

017 

130-200 

0 23 

0 26 

016 

013 

50 

0 20 

019 

017 

014 

20-25 

014 

0 16 

010 



The highest peak until the smallest dose of glucose is as great as the 
average peak for the largest dose of glucose (Table 5 and Charts 2 
and 3) So it seems fairly reasonable to say that curves vary at least 
as much owing to individuals as owing to the size of the dose The 
leaction of the same subject to vaiious doses of glucose was studied by 
Jacobsen,® Boe,^“ Bergmark,’-’- Sakagiichi,^- Bailey,^® Strouse,^'* Mac- 
Lean and De V^esselow and Spencer As little as 5 gm glucose 
was shown by MacLean to produce an appreciable i ise and that after a 
dose of about 25 gm was reached further increases did not increase 
the rise but merely prolonged it 

10 Boe, G Biochem Ztschr 58 106 (Oct 29) 1913 

11 Bergmark Jahrb f Kinderh 80 373, 1914 

on Fakultat der kaiserlich Univ zu Tokyo 

20 345 (Oct 11) 1918 

13 Bailey C V Am T M Sc 157 221 (Feb ) 1919 
26 751 ^(D^^)' ^920^°*”^ Variations in Normal Blood Sugar, Arch Int Med 

1921^ ^^'^Lean, H , and De Wesselow, O L V Quart J M 14 103 (Jan ) 

16 Spencer, J C Quart J M 14 314 (July) 1921 




GRAY — BLOOD SUGAR STAND 4RDS 


247 



Chart 2 — Normal peisons Means after clifterent doses of glucose 



Chart 3 — Normal persons 


Maximums after difterent doses of glucose 
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Sakaguchi made the point that the larger doses were chaiactenzed 
largely by the later acme Staub^^ later published two interesting 
papers along the same line, but his doses of less than 25 gm glucose 
caused so small a glycemic leaction that his procedure is not appealing, 
especially in view of the observation of Benedict, Osterberg and 
Neuwirth that more than 20 gm glucose were necessary to get results 

The normal range appears from Chart 2 to be surprisingly con- 
veniently schematic For it is seen that any dose of glucose, from 25 
to 200 gm , produces blood sugars falling within a belt delimited by 
Oil and 0 16 per cent This normal range is easy to remember 
because general opinions agree, more nearly than on any other standards 
for blood sugars, on these two points ( 1 ) Oil per cent is the highest 
fasting value which may be called normal, and (2) 0 16 per cent is 
the threshold aboi'^e which glycosuria may be expected In the words 
of MacLean and De Wesselow, “The hypei glycemia, resulting from 
the ingestion of carboltydrates, appears in the normal person to be 
limited to about this level — the threshold level for glycuresis — and 
cannot easily, if at all, be foiced above it ” Hence, this range is empha- 
sized by two horizontal lines on each chart in this paper, in order to 
serve as a iistnl and actual basis of comparison rather than the base 
line, which here happens to be 003 per cent 

The Maximum — While values above 016 per cent may fairly be 
termed “unusual/’ to call them “abnormal ’ seems likely to be unneces- 
sarily alarming, since maximal Table 7 shows that any test load (except 
50 gm staich, 25 gm glucose or 75 gm fat) may be followed by 
values of 017 or moie The frequency'^ of such unusual values was 
about one in se\en, more exactly, 14 per cent of 452 curves for the 
seven loads not just excepted This fact affords helpful confirmation 
of the importance above insisted on of the dotted doubtful zone in 
Chart 1 At the same time, to carry out this argument to the limit, we 
should have to diagnose as normal curves any whose acme was 028 
per cent or less This doctrine would generally be considered rash, as 
ovei looking often just the early cases we wish to detect Hence, we 
may say, as others have before, that a single high value, however 
suspicious, requires further evidence It would be interesting to hear 
from someone doing frequent glucose tolerance curves how low the 
reaction may be, and how frequent low reactions are in diabetics who 
clinically seem severe , and, conversely, how high the reaction may be 
in clinically mild but definite diabetes These two paradoxes have 
been shown by Allen to exist in animals, “The results of single doses of 

17 Staub, H Biochem Ztsclir 118 93 (June 27) 1921 Ztsclir f klm Med 
91 44, 1921 

18 Benedict, S R , Osterberg, E , and Neuwirth, I T Biol Chem 34 232 
(April) 1918 
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siigai aie not infallible and special ciicmnstances may cause a mildly 
diabetic animal to show an appaiently bettei assimilation than one that 
IS not quite diabetic ” 

The time of the acme (aveiage Table 6) was at the half hour, lathei 
than the hour (with the single exception of the fiom 20 to 25 gm 
glucose load) This supports those obseivcrs who have insisted on 
taking the blood at lo and 30 minutes aftei eating e g , Jacobsen, Hop- 
kins, Sakaguchi Indeed, the half houi blood sugar seems at least 
second in impoitance only to the fasting figuie, oi if that be noiinal— 
which IS usually the fact piecipitating a tolerance test — actually the most 
impoitant deteimination if only one can conveniently be made Stated 
otheiwise, foi the pin poses of any piactitionei who meets difficulties 
in seeming blood samples and therefore wishes to take the smallest 
possible numbei, the present study leads me to believe that venipunctuie 
at the time of the patient’s hist visit yields the smallest amount of 


TABLE 6 — AvrRVGE Curves in Normal Persons with DirrrRPNT Loads 




Blood 

Sugnr 


Lone], Gm 

% Uour 

1 Hour 

2 Hours 

1 

3 Hours 

IKl-EOO eUicoso 

01C 

015 

012 

010 

CO-100 enne sugnr 

015 

OU 

012 

on 

70-100 stnrcli 

015 

014 

012 

on 

50 fflUCOSO 

014 

014 

010 

010 

100 lovulose 

0 14 

013 

012 

on 

70-100 plucoso 

014 

012 

Oil 

0 00 

50 stnrcli 

0 14 

012 

0 00 


Mixed mcnl 

013 

012 

on 

on 

20-25 (rlucose 

010 

012 

on 

000 

10-75 fat 

010 

010 

010 

010 


infoimation possible lo derive fiom the labor expended Occasionally 
one has absolutely no choice when the patient is on the wing through 
the city, but this is relatively raie One does not hesitate to insist on 
a second visit one hour aftei an Ewald test breakfast, although both 
exti action and chemical analysis of gastric contents aie vastly quicker 
and cheaper than exti action and analysis of blood Yet the one houi 
interval is less significant and piobably veiy much less significant than is 
the time relation in inteipieting the blood sugar peicentage Fuithei- 
moie, the size and even the geneial nature of the preceding meal is not 
easily estimated, much less is it a standaid test If the test is woith doing 
at all, suiely it deseives as much precision as is accoided to the loutme 
stomach test bieakfast Two values are far more than twice as helpful 
as one, and if the two selected be the fasting and half-hour, then they 
generally tell neaily as much as five values In office piactice, therefore, 
the patient should come before breakfast or just befoie lunch or eien 
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supper for a so-called preformed blood sugar, eat a test meal and in half 
an hour have another blood sample taken It is important to secure a 
specimen of mine at the time of each puncture The nature of the test 
load matters less than its invariability I confess to a preference for two 
shredded wheat biscuits and three ounces of milk, i e , carbohvdrate 
50 gm , piotein 9 gm , fat 3 gm This combination is about as purely 
carbohjdrate a meal as is edible, is accurate, cheap, easily kept ready 
vhen the office is in the home, and may claim the attention of physicians 
who dislike the administration of pure glucose to suspected diabetic 
patients Tachau advised 50 gm white bread This test load is 
practically the Ewald bieakfast and therefore has struck me as of 
service in two directions when a patient has gastric symptoms 

TABLE 7 — Maximal Values in Normal Persons with Different Loads 


Blood Sugar 

, < 

Values 0 17% or More 
No of , *- > 



Load Gm Curves 

Number Per Cent 

V_ Hour 

1 Hour 2 Hours 

3 Hours 

1 

70-100 glucose 

300 

38 

13 

0 23 

0 28 

0 20 

017 

2 

150-200 glui ose 

10 

0 

37 

0 23 

0 26 

OIG 

013 

2 

70-100 itarcli 

19 

5 

20 

0 21 

019 

016 

013 

4 

50-100 cane sugar 

20 

8 

31 

0 20 

0 20 

0 20 

015 

5 

50 glucose 

21 

4 

19 

0 20 

019 

017 

014 

0 

Mixed meal 

57 

3 

5 

0 18 

017 

014 

010 

7 

100 levulose 

13 

1 

8 

014 

017 

012 

on 



452 

65 

14 





S 

50 'tareb 

4 



0 16 

014 

012 

012 

y 

20- 25 glucose 

10 



014 

0 16 

010 


10 

10- 75 fat 

7 



010 

010 

0 13 

on 


In the maximal 

Table 7 the 

time 

of the 

acme was 

less 

notable. 

being at the half-hour with only 

about half 

the loads 

and 

with the 


Other half at the hour period 


The St^e of the Miniminn — Secondary or reactive hypoglycemia 
after the hypeigljcemia is seen in average Table 6, for the three hour 
value following 100 gm glucose and following from 20 to 25 gm 
glucose The fonner is a large gioup and the finding, therefore, is 
significant These subnormal levels consequent on the rise have been 
noted by Liefmann and Stern, Bonniger,-^ Lepine,-^ Reicher and 
Stem,^-' Frank, Bang,-® Bergmark, Sakaguchi, Kasai and Kinyosai,"' 

21 Tachau, H Deutsch Arch f klm Med 109 569 (Feb 18) 1913 

22 Liefmann, E, and Stern, R Biochem Ztschr 1 299 (July 18)1906 

23 Bonniger, M Deutsch med Wehnschr 34 715, 780 (April 30) 1908 

24 Lepine, R Le diabete sucre, Pans, 1909, p 198 

^ Verhandl d deutsch Kong f inn Med 27 

401 (April) 1910 

26 Bang, I Der Blutzucker, Wiesbaden, 1913 

27 Sakaguchi, K , Kasai, T , and Kinyosai Mitt d med Fakultat der 
kaiserl Univ zu Tokyo 14 112 (Tune 4) 1915 
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Hahn and OffenbacherrS Giunthalr“ Goetzky,"'’ MacLean and De 
Wesselow, Kohn and Beiglund Just why the phenomenon is not 
seen elsewheie in the table is not clear Its significance has not been 
pi oven, but the usual and the most plausible explanation so far offered 
IS that It IS due to hypei assimilation once the functioning of the liver 
( has become well stai ted 

The time of the minimum has been variously stated from Jacobsen’s 
105 minutes up to thiee houis, usually at two hours Let us consider 
this topic togethei with the piactical suggestion which is more oi less 
definitely appaient in the wiitings of Hamman and Hiischman, Mac- 
Lean and De Wesselow, and of Staub, that one requisite of the future 
standard load should be that it be small enough to peimit the blood 
sugar to return to the prefonned level within the period of practicable 
observation We might, accordingly, cease to heed among the rival 
test loads all those uliich are followed at the end of three hours by a 
lalue averaging 0 11 oi nioie Application of this suggestion to aveiAge 
Table 6 would indicate the piobable undesirability of the following 
50 or more gm cane sugar, 70 oi more gm starch. 100 gm levifiose, 
and mixed meals, unless definitely lestiicted In addition, m case the 
latest blood to be diawii is two houis p c, one may discard all the 
other loads except 50 gm glucose or starch One wonders whether 
this solution IS too simple to be satisfacloiy 

Choice of Test Substance and Do^e — Fat is useless, as it produces 
no glycemic reaction — witness low 10 m average Table 6 which abso- 
lutely confirms the individual cases of Jacobsen and others Piotein 
may effect a rise if the subject has a low carbohydrate tolerance, oi 
may effect no leaction if the tolerance be normal, as indicated by the 
varying results of Jacobsen, Roily and Oppermann,”^ Welz,'’“ Stiouse, 
Stem and Wisely Allen,^^ Sakaguchi, Mosenthal, Clausen and Hiller,''*^ 
Jacobsen and Edwards,^" MacLean and De Wesselow, and Cammidge 
The diffeience in lesults piobably is due to the degree of diabetic 
tendency the more abnormal the person the greatei is the glycem’c 


28 Hahn, A, and Offenbacher, R Deutsch med Wchnschr 45 1298 

(Nov 20) 1919 ^ ^ , 

29 Grunthal, P Beitr z Frage des renalen Ursprungs der bciiwanger- 

schaftsglykosunen, Inaug -Diss , Breslau, 1920 

30 Goetzky, F Ztschr f Kmderh 27 195 (Oct 18) 1920 

31 Folm, O , and Berglund, H J Biol Chem 51 213 (March) 192- 

32 Roily, F , and Oppermann, F Biochem Ztschr 48 187, 1913 

33 Welz, A Arch f exper Path 73 159, 1913 

34 Strouse, S , Stem, I F , and Wisely, A Bull Johns Hopkins Hosp 
26 211 (June) 1915 

35 Allen, F M Am J M Sc 153 313 (March) 1917 

36 Mosenthal, H O , Clausen, S W, and Hiller, A 

on Blood Sugar in Diabetes Mellitus, Arch Int Med 21 93 ^ _ 

37 Jacobsen, A T B , and Edwards, H Am J M Sc 159 833 (June) 1920 

38 Cammidge, P J Brit M J 2 586 (Oct 15) 1921 
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reaction after protein One notices incidentally that many, if not all, 
of the students of the effect of piotem have included some fat, if only 
the portion usual in lean meat Practically fat free protein, like egg 
white, cod or haddock, might exeit a greater glycemic effect As to 
carbohydrates, the differences m effect appear too small to determine 
any special pieference Regarding the dosage, however, we may read 
more out of maximum Table 7 For there the twenty curves with 
50 gm starch or from 20 to 25 gm glucose show a common char- 
acteristic the blood sugar in no instance exceeded 0 16 per cent As 
this figuie, pel haps, has received as much proof as any of being the 
upper usual limit of sugar freedom, one may revise Naunyn slightly 
by saying that h^^perglycemia or glycosuiia e amylo — ^provided the dose 
of staich be from 40 to 60 gm — indicates a carbohydrate weakness 
more delicately than the massive loads of glucose so generally used, 
and, simultaneously, one may uige that the 50 gm starch load has 
advantage of conservatism and, hence, wider applicability For although 
several authorities on diabetes have stated that they have never seen 
harm fiom 100 gm loads of glucose, danger to a subnormal pancreas 
may be feaied by analogy with the studies on experimental diabetes 
in animals reported by Thiioloix and Jacob,^° Allen,^’- and Jensen and 
Carlson hor these reasons Joshn and others have always been chary 
of using glucose tests 

Pure glucose must be gi anted to be preferable scientifically For 
even if starch be as rapidly digested, Folin and Beiglund have demon- 
strated that polysaccharids may pass into the blood stream and out again 
through the kidneys intact and, therefore, very possibly unutilized 
Really small doses of glucose, down to even 10 gm were suggested by 
Flamman and Hirschman who wrote “The general features of the 
diabetic blood sugar curve are faithfully lepioduced by patients receiv- 
ing, on account of the seventy of their disease, smaller amounts of 
glucose Apparently the duration of the reaction is a more important 
index of the seventy than is the height ” Salomon disapproved the 
routine administration of even 50 gm glucose, though he thought it 
safe in cases with continuous low glycosuria, only after this dose had 
failed to cause a rise in blood sugar did he think it wise to use 100 
gm Staub latei noticed in the literature that with smaller doses the 
duration of the hyperglycemia was shortened, and from this he antici- 

^ ^ 1902, also Gesammelte Abhandlungen, 

Wurzburg 2 1039, 1909 

40 Tlurolo^, J and Jacob Compt rend Acad d sc, Par 154 377, 1912 

41 Allen, F M Glycosuria and Diabetes, Harvard University Press, 
Cambridge, 1913 

42 Jensen, V W , and Carlson, A J Am J Physiol 51 423 (April) 1920 

43 balomon, H Munchen med Wchnschr G8 386 (April 1) 1921 
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pated, and found, that with the smaller doses the whole couise of the 
reaction might be compiessed into a proportionately shortei time period 
thus lendering this functional test simplei 


DIABETES 

The numbei of cuives collected on diabetics without known hypei- 
tension, nephritis, hepatic or endociine disease totalled 131 The condi- 
tions mentioned aie examined separately below, and confirm the findings 
of piior obseiveis that diabetes cannot be diagnosed from curves in 
the presence of these othei conditions, which independently may cause 
marked alimentary hyperglycemia 


TABLE 8 — Frcquenc\ of Diffcrcnt Loads in Diabetes (Uncomplicated) 


100 gm glucose, ivheii blood sugar (F) was oil per cent oi less 40 

100 gm glucose, nhen blood sugar (F) was 012 per cent oi more 51 

50 gm glucose, when blood sugar (F) was Oil per cent or less (> 

50 gm glucose, when blood sugar (F) was 012 per cent or more 4 

60 gm starch 2 

25 gm starch 2 

Mi-sed meal containing at least 40 gm caibohjdrate or 0 5 gm /L , when blood sugar was 

011 or less 17 

Mi\ed meal containing at least 40 gm caibohjdrate or 0 5 gm /k , when blood sugar was 

012 or more 0 


131 


TABLE 9 — One Hundred Grams Glucose in Forty Diabetic Patients Whose 
Blood Sugar Fasting Was Normal, Together with Composite 
Curves Reproduced from Normal Table 4 


Mean 

Minimum 

MaMmum 

Normal 

Mean 

Maximum 


Blood Sugar 

K 


Fisting 

y. Hour 

1 Hour 

2 Hours 

o Hours 

0 09 

OIS 

0 20 

015 

010 

0 05 

Oil 

012 

0 08 

oos 

Oil 

0 27 

0 40 

050 

014 

0 09 

014 

012 

Oil 

0 09 

016 

0 23 

0 28 

0 26 

017 


For purposes of study, the curves have been sorted according to 
the several test loads and also in some cases further separated according 
to whether the blood sugar fasting was normal, 011 per cent or less, 
or elevated, 0 12 per cent or more The number in the several gioups 
may be surveyed in Table 8, after which each group will be exhibited 
by a tabular summaiy with discussion compiessed into a legend 

It IS m these diabetics with normal pieformed blood sugars 
(Table 9) that curves are of particular interest The highest blood 
sugar found after 100 gm glucose in any diabetic whose fasting blood 
sugar was 011 per cent or less was the exti aordinary value of 0 50 
per cent (at the end of one and one-half hours as reported by Roliden- 
burg, Bernhard and Krehbiel, here included m the two hour period) 

44 Rohdenburg, G L, Bernhard A, and Kiehbiel, O Am J Sc 
159 577 (April) 1920 
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and the next highest 0 40 pei cent (at the end of one hour, according 
to Joshn [unpublished] ) The curve had returned practically to nor- 
mal at the end of three hours Hence, it is conspicuous that a normal 
fasting sugar by no means excludes the piesence of diabetes, and that 
the entire curve in a diabetic may be normal 

Chart 4 proves pictuiesquely the folly of leassurmg any patient on 
the ground of a normal fasting blood sugar 


TABLE IS— Mixed Meals Containing at Least 40 Gu Cabohydrate, or 
About 0 5 Gm Per Kilogram of Body Weight, in Seventeen Di^ibetic 
Patients Whose Blood Sugar (F) Was 0 11 Per Cent or Less 
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alternatives clinical judgment of normal metabolism is untrustv ortln , 
01 a considerable number of normals exhibit suspiciously large fast- 
ing figuies 

The statement that normal peisons do not have sugai m the uiine 
after eating 100 gni glucose is disputed on the ground of evidence 
heie collected that in 129 cuives gl)'^cosuiia was noted m 40 per cent 
This astounding discovery would be even moie extraordinary — and 
leassuring in prognosis— if the mine had been examined at the time 
of each blood letting instead of only once as was so often the case, 
if examined m all the 300 cuives instead of only 129, and if the aftei 
histones of these subjects were known ten years later 

The 1101 mal postpiandial cuive averaged 0 14 (one-half hour), 0 12 
(one houi), 011 (two houis), and 009 pei cent (tliiee hours) The 
average acme of 0 14 per cent was lower than the value usually postu- 
lated as the uppei limit of noimality, namely, 0 16 per cent 

A noimal zone for the glyceniic reaction stands out graphically 
from Oil to 016 per cent no matter whethei the dose of dextrose 
varied from 20 to 200 gm Loads of less than the usual 100 gni 
stimulate adequate reactions, and have the presumptive advantage of 
avoiding the damage which is both possible theoretically and, m fact, 
suggested by the annual glucose tests i eported by Older 

A suspicious zone of high noimal reactions appears wider than 
currently visualized For values fiom 017 up to 0 28 per cent 
occuired fiequeiitly, namely, in 17 per cent of the analyses after 100 
gm glucose 

In diabetes concein is pnmanly aroused when the fasting blood 
sugar IS 0 11 per cent or less, for when that level is exceeded, a curve 
IS supeiflous and possibly an insult to an injured function 

Let us not foiget the warnings indicated by the work of Kawachi,‘“ 
of Maitius,^' of Allen, and of Ohlei Kawachi said that the sui- 
prisingly great fiequency of moie or less enduring functional damage 
by a single overstrain of the sugar utilizing powei has been oi'^ei looked 
by failure to continue regular tests for a time aftei the first dis- 
apoearance of the glycosuria Out of the forty persons uithout 
metabolic disease repioduced by Martius, the glycosuria after fiom 
25 to 200 gm glucose lasted in 40 per cent ten day s, or longer, even 
twenty’’-nine, thirty and thiity-two days 

Allen’s statement is *Tn the early stage, glucose is more powerful 
than starch in pioducing diabetes, and animals uhich are piogiessiiig 


45 Oilier, W R M Clinics N America 5 1465 (March) 1922 

46 Kawachi, S Beitrag zur Kenntnis von der alimentaren Gljkosurie e 

saccharo, Inaug-Diss, Rostock, 1902 

47 Martius, F Konstitution und Vererbung, Berlin, 1914, p 11/ 
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toward complete recovery on starch diet can be sent into hopeless 
diabetes by admixtuie of glucose ” 

Oilier has reported several cases in which glucose tolerance tests 
were done three times at intervals of about one year In Case 4 
(M C ) the progressive fall of tolerance may, indeed, be due to her 
free diet, but, on the other hand, it may also be ascribable to damage 
by the glucose load 

In cases with normal fasting blood sugars appalling postprandial 
peaks are seen, even 50 eg per 100 cc , thus manifesting the imprudence 
of denying diabetes because the fasting figure is eleven or less For 
treatment such a finding is encouraging, since we want to know the 
best blood sugar attainable For diagnosis, on the other hand, we wish 
the worst blood sugar of the twenty-four hours, and accordingly should 
secure the blood half an hour after the test load 



BLOOD SUGAR STANDARDS 

PART It IN CONDITIONS NEITHER NORMAL NOR DIABETIC 

HORACE GRAY, MD 

BOSTON 

Normal and diabetic blood sugar curves have been shown in Part I 
at some length, so that in this paper miscellaneous conditions of alteied 
carbohydrate metabolism are condensed into the least possible space 
As the aim is conciseness and convenience of reference rather abrupt 
transitions are unavoidable The test meal was 100 gm glucose, except 
m a few cases, whose inclusion was thought legitimate because the 
curves were, in general, as high as after the usual dose 


TABLE 1 — A Twenty -Nine Instances or Hypertension Without 

Nephritis ' 



Pasting 

!/(. Hour 

1 Hour 

2 Hours 

3 Hours 

Mean 

Oil 

0 19 

018 

016 

013 

Maximum 

016 

0 32 

0 30 

0 34 

0 23 

B 

Eleven Cases of Nephritis 

Without 

Hypertension 



Fasting 

Hour 

1 Hour 

2 Hours 

3 Hours 

Mean 

014 

010 

0 23 

0 20 

(0 24) 

Maximum 

0 26 

0 26 

0 44 

044 

(O'-G) 


* In eithei pure hypertension or nephritis the menn (n\eragc) composite cure is slightly 
above normal and the maximum is striking The relation oi hypertension to potential 
nephntis and potential diabetes has boon interestingly discussed by 0 Hare (Am J M Se 
TOO 366 [Sept ] 1020) 


TABLE 2 — ^A Seventy Cases or Renal Glycosuria Without Nephritis 



Pasting 

Hour 

1 Hour 

2 Hours 

3 Hours 

Mean 

009 

0 13 

012 

Oil 

000 

Minimum 

0 03 

0 07 

0 06 

004 

0 01 

Maximum 

on 

023 

0 22 

0 32 

0 20 

B Three Cases 

OE Renal Glxcosuria With 

Chronic 

Nephritis 


Pasting 

Hour 

1 Hour 

2 Hours 

3 Hours 

Mean 

017 

0 22 

0 28 

0 30 

0 24 

Minimum 

010 

018 

024 

0 23 

010 

Maximum 

020 

0 26 

0 33 

0 41 

0 30 


Table 2 supports those who have asserted the relatne frequency of 
hyperglycemia in renal glycosuria For example, in the one hour 
column, which presents the largest number of figures for analysis, i e , 
sixty-seven, as much as 13 per cent exceeded 0 16 and 40 per cent 
exceeded 011 On the other hand, the diagnoses are not adequately 
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proven in all the oiigmal ai tides, hence the data are reproduced to 
indicate possibilities lather than accepted fact 

The second part of Table 2 shows much higher values, which may be 
due to the nephiitis or to larval diabetes 

Pei haps the most inteiesting curves in supposed renal diabetic 
patients must be omitted here foi the sake of biCMty They are (a) 
tuo cases (Bailey’s M B and Strouse’s C F^) diagnosed as renal 


TABLE 3 —Showing Findings or Fifty-Onc Pregnant Women Whose 
Blood Sugar Bifore Breakfast Was 0 11 Per Cent, or Less, 

I E , Free From Suspicion or Diabftfs ’’ 



Basting 

'^2. Hour 

1 Hour 

2 Hours 

3 Hours 

Mean 

0 09 

0 14 

0 14 

012 

013 

Minimum 

0 05 

010 

OCfi 

0 04 

0 09 

Maximum 

Oil 

OIS 

0 25 

0 21 

0 24 

Aormai 

Mean 

0 09 

014 

012 

on 

0 09 

Maximum 

OIG 

0 23 

0 28 

0 2C 

017 


This table indicates that m prcguanej the average rise is about tbo same as m normals, 
but IS longci m duration, ^vhile the maximal value at most of the periods liardlj equals the 
highest reported m noimtls 


TABLE 4— Showing Results of Administering 100 gm Glucose in Bergsma's 
Patients Before and After Delivery (Averages Onl\ ) * 


Blood Sugar 



Antepartum Postpartum 

A _ ■ A 



t ^ 

■ ■ 

! ^ 



Pasting 

1 Hour 

Pasting 

1 Hour 

Group (a) 

009 

015 

0 09 

013 

Group (b) 

0 09 

OIG 

012 

0 21 

Group (ci 

013 

018 

0 09 

017 

General average 

010 

015 

010 

014 


* To study the meTning of curves m piegnancy when the fasting sugar is 012 per cent or 
more one n^ds pairs of curves, i e both before and after dcliveij This need bas been 
supplied b 5 Bergsma foi twenty three women If cich pair be grouped according to the B S 
fasting, we find (a) B S (.1) normal (Oil or less) in both, IG curves, (b) B S (P) normal 
only befoie delnerj, 4 curves, (c) B S (P) normal only after delivery, 3 curves The average 
curve 101 each of three groups and their general average both antepartum and post 
parturn IS seen m Table 4 Group (b) may be suspected of a diabetic tendency developing 
lostparturn Group (c) may be considered a more marked degree of the usual slights 
lowered tolerance of pregnancy as seen in Group (a) Knowledge of the body weight in 
these types would be of real assistance 


ghcosuria at fiist but later (two and fourteen months, respectively) 
shown by repetition of the cuives to be progiessing to true diabetes, 
(b) conversely, cases (Strouse’s IB and seveial of Geyelm’s “) diag- 
nosed vhen first seen as true diabetes and later under tieatment 
appaiently subsiding into the renal type 


1 Authorities cited in Part 1 are not repeated here 

2 Gejehn, HR jSI Clinics N America 4 1375 (March) 1921 
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TABLE 5 — Blood Sug^r ik H\rnKTii\RoiD Disevsf 






Blood Sugar 



No 

y 

'IVhcn B S (fasting) IS 012 or more 

f 

Fasting 

% Hour 

1 Hour 2 

Hours 

3 Hours 


Mein 

013 

OIT 

0 18 

0 16 

0 11 

5S 

jMa\imum 

When B S (fasting) is 0 11 or less 

013 

017 

0 23 

0 20 

013 


Mean 

0 00 

0 16 

016 

014 

on 

4 

jVIa\imum 

After operation 

on 

0 22 

0 2G 

0 22 

OIS 


Mean 

oos 

012 

010 

0 00 

0.00 


Maximum 

010 

012 

on 

0 12 

0 09 


TABLE 6 — Showing 

Findings 

Cretinism 

IN Eight Cases or Hypothiroidism, 

OR Myxedem V ' 



Fasting % Hour 1 Hour 2 Hours 

3 Hours 

Mean 


010 0 16 015 012 

on 

Maximum 


0 13 0 19 0 22 0 19 

OIC 


* This tnhle shows avenge only shghtlv lower than m the previous table, and what 
IS more surprising distinctly higher than in normal persons This is at variance with uhat 
would be predicted theoretically and, furthermore, with the evidence ghen bj Snhaguclii ® 


TABLE 7 — Sho\mng Findings in Hepvtic Disease” 


No of Curves 

Fasting 

Hour 

1 Hour 

2 Hours 

3 Hours 

7 Obstructive jaundice (stone 5, cancer 3) 






Mean 

013 


0 22 

0 23 


Maximum 

015 


0 32 

OSS 


G Cardiac cirrhosis 






Moan 

014 


018 

0 21 


Maximum 

018 


0 27 

0 2G 


2S Alcoholic or sj philitic cirrhosis 






Mean 

010 

015 

017 

017 

OIS 

Maximum 

015 

017 

0 25 

0 31 

0 2S 

10 Catarrhal j aundice 






Mean 

010 


015 



Maximum 

012 


0 25 




* In this table the first three gioups aie more or less ibnornnl 'ihe relation of 
cholelithiasis to diabetes has received a rather small amount oi attention In the liter rturc 
rnd Joslin'' has suggested that it mav not be long before some student will perform sugir 
tolerance tests upon all the gallstone cases in the hospital m order to disclose latent 
diabetes Circulatory hepatic congestion exhibits a distinct and rather late rise, and 
cirrhosis a moderate rise Tinally, in catarrhal jaundice the gljcemic reaction is norm il 
on the aaerage, but maj be c\cessive 

5 Sakaguchi, K, Kasai, T, and Kimosai d med Fakultat dcr 

kaiserlich Universitat ztt Tokyo, 14 112 (June 4) 1915 

6 Joshn, E P jM Clinics N America 3 877 (Jan) 1920 
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From Table 5 it is manifest that (a) hyperthyroidism must be 
excluded before interpreting high sugai curves as indices of diabetes , 
{h) that the average lines exceed normal averages (as given m Part I) 
by a smaller margin than was anticipated from reviewing the conclu- 
sions of other writers who have studied individuals, while the maxima 
for hyperthyroids even fell short of the maxima for normal (Part I) , 


TABLE 8 — Fundings in Elfven Cases or Acromegaly or in Hyperpituitarism 
After Administering 100 gm Glucose"' 





INTRACUTANEOUS REACTIONS IN LOBAR PNEU- 
MONIA TO PNEUMOTOXIN “ 

(a reply to dr GEORGE II BIGELOW ) 

CHARLES WEISS, PhD, and JOHN A KOLMER, MD 

PHILADELPHIA 

In a recent communication Bigelou ^ leviews our work on a “Skin 
Reaction to Pneumotoxin,” ~ and criticizes the theoiy we suggested as 
to the probable function of pneumotoxm in the pathology of lobar 
pneumonia® in the following woids ^‘The authors’ theory of early 
sensitization against their pneumotoxm is certainly open to question 
when we consider the absence of any sensitization necessaiy m the case 
of the positive Schick reaction, and also the lack of specificity in the 
toxic ladicle as shown by Vaughan’s work ” 

It IS not the object of this communication to enter into polemics 
1 elating to theoietic interpretations of our findings Such attempts may 
be more productive after our present plan of elaborating and extending 
the work has been earned out successfully We merely wish to call 
attention to certain fundamental eiiors of technic which Bigelow com- 
mitted, which, in our mind, may explain his failure to corroborate our 
observations 

Bigelow studied intracutaneous leactions in pneumonia patients, 
using a preparation of “pneumotoxm” m addition to a number of othei 
pneumococcus antigens and vaccines He states that “no reactions 
comparable to those reported by Weiss and Kolmei with their ‘pneu- 
motoxm’ were obtained with a similar prepaiation, noi was there any 
specific absence of reactions as might be expected fiom an analogy to 
the Schick test ” 

It IS important to read carefully the technic used by Bigelow m 
preparing his “pneumotoxm” To quote his own woids 

The cultures used were from eighteen to twenty-four hour old growths in 
100 c c of a 1 per cent glucose beef infusion broth, neutral to phenolphthalein, 
which was found to correspond to a hydrogen-ion concentration of from 
8 0 to 82 The growth was centrifuged, and the sediment was washed 

twice with sterile salt solution, centrifuging after each washing The 

ampules were kept on ice until used No antigen was used more than a week 
after being put on ice Antigen 8 — After the second washing with 


*From the Dermatological Research Institute 

1 Bigelow, A H Intracutaneous Reactions m Lobar Pneumonia, Arch 
Int Med 29 221 (Feb ) 1922 

2 Weiss, C, and Kolmer, J A A Skin Reaction to Pneumotoxm, 
J Immunol 3 395, 1918 

3 Weiss, C The Properties of Pneumotoxm and Its Probable Function m 
the Pathology of Lobar Pneumonia, J M Research 39 103, 1918 
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sslinc solutiotit tlic scdirncut w&s tskcn up ui 10 c c of s 10 per cent bile 
solution (Bacto-oxgall uas used) and incubated for one hour Attempts were 
made to obtain suitable animal membrane for separation of the bile salts 
from the dissolved pneumococcus substances by dialysis, but it was found more 
feasible to obtain the separation by precipitation of the proteins with four 
volumes of absolute alcohol This was thoroughly shaken, centrifuged, and 
the sediment again mixed with absolute alcohol After recentnfuging, the 
sediment was dried overnight m partial vacuum over sulphuric acid The 
residue was weighed, ground with sufficient sodium chlorid to make the final 
solution physiologic, and taken up by adding distilled water drop by drop while 
grinding until 01 cc contained % 5 o mg dried sediment (Later injections up 
to Vio mg were used ) This was heated to 56 C for one hour For this antigen, 
all the strains of each type weie pooled 

Antigen 10 — The most important difference between this and the foregoing 
antigens is that it was at no time raised above 37 5 C After the second 

washing with salt solution, the sediment was divided into known amounts and 
kept on ice The day of the tests, sufficient of sterile solution of 2 per cent 
bile plus 0 25 per cent tricresol was added to make 0 1 c c contain the equiva- 
lent of one twentieth of the growth of pneumococci on 60 c c of broth An 
incubated solution of 2 per cent bile plus tricresol was used as control 
Antigen 10 differed from all the others m that it was never raised above 
37 5 C , while the others were all held at 56 C for one hour In the bile solu- 
tion, whatever endotoxins the pneumococci contains should be liberated 

It was clearly emprasized by Cole^ and by Weiss and Ivolmer® 
that the production of pneumococcus endotoxin in vitro is a matter of 
the greatest difficulty and requires the strictest attention to details 
The following essentials for success have been entirely overlooked 
by Bigelow 

1 Glucose IS not desirable in mediums used for preparation of 
pneumotoxin, for it inhibits its production 

2 Pneumotoxiii is extremely labile, and loses its potency on standing 
in the ice chest for two or three days 

3 Pneumotoxin is a true protein and is, therefore, precipitated from 
solution by the addition of alcohol Bigelow added absolute alcohol 
to precipitate the bile salts, and thus incidentally precipitated the 
pneumotoxin 

4 Pneumococci that have been subjected to autolysis in the ice chest 
will not yield the endotoxin on the addition of bile Bigelow stored his 
emulsion in the ice chest and “the day of the tests, added solution of 
2 per cent bile plus 0 25 per cent tiicresol ” 

5 The choice of a bile salt and even of the brand of sodium choleate 
used is important Bigelow used “Bacto-oxgall,” which does not yield 
satisfactory results 

6 As Cole pointed out, the pji of the pneumococcus emulsion must 
be regarded by means of a buffer system to facilitate the liberation of 
pneumotoxin Bigelow overlooked this 


4 Cole, R Toxic Substances Produced by the Pneumococcus, J Exper M 
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7 Bigelow did not test the toxicity of his preparation by intravenous 
injections into guinea-pigs, nor its hemolytic action upon erythrocytes, 
and hence we are not in a position to know whether or not he was 
dealing w'lth endocellulai toxins of the pneumococcus 

It IS extiemely doubtful whether Bigelow w^as working with the 
endocellulai hemotoxin of the pneumococcus We rather think he 
w^as using an autolyzed vaccine This is, furthermore, demonstrated 
by his findings To quote him again 

Special reference must be made to the reactions obtained with Antigen 10 
in which the thermolabile toxic substances from the pneumococcus were not 
destroyed When used in the strength recommended by Weiss and Kolmer, 
and in weaker dilutions, severe local reactions were elicited, showing papules 
becoming pustular with wide zones of erythema and induration up to 12 14 cm 
in their longest dimension This %vas at its height in about thirty hours, when 
the erythema faded leaving no pigmentation or scaling in any case The 
pustule persisted for weeks This reaction was well marked in both controls 
and pneumonia cases, the most severe being in a normal control The control 
injection of bile and tricresol showed only a small local papule, but none of 
the violent erythematous and edematous reaction 

It IS necessaiy to refer to our original report^ to appreciate the 
differences in the technic and hence in the results obtained in Dr 
Bigelow^’s wmrk and in our owm 

The technic of preparation and the properties of pneumotoxm have been 
fully described by us in previous communications^ " Briefly stated, the hemo- 
lji;ic endotoxin of the pneumococcus was produced as follows from 1,000 to 
1,500 c c of an eighteen hour broth culture of virulent type I pneumococci 
(Rockefeller Institute) were, centrifugalized for one hour m a powerful electric 
centrifuge at very high speed The bacterial sediment was washed once in 
isotonic salt solution, taken up in 5 c c of saline and dissolved mice of a 
2 per cent solution of sodium choleate The total volume was made up to 
30 or 40 c c , the solution was again centrifugalized, to remove any undis- 
solved pneumococci, and tricresol was added up to 0 25 per cent concentration 
The “control fluid,” containing no toxin, was made similarly The preparations 
were preserved in the refrigerator and they were never used when older than 
eighteen to twenty-four hours, since the toxin deteriorates very rapidly All 
preparations were perfectly homogeneous and slightly opalescent 

The method of standardization has been described elsewhere' In these 
studies we found it impracticable to determine both the minimum lethal dose 
and minimum hemolytic dose of each lot of pneumotoxm, and we had to satisfy 
ourselves with testing only three of the five employed The minimum lethal 
dose (tested after the total volume had been made up to 100 c c ) was about 
6 or 7 c c for a gumea-pig weighing from 250 to 300 gm , and the minimum 
hemolytic dose was fiom 02 to 04 cc when titrated m terms of a 1 per cent 
suspension of washed guinea-pig erythrocytes The dose of toxin used in skin 
tests (01 c c ) represents therefore about one twentieth the minimum lethal dose 

In our preliminary experiments we studied the reaction to pneumotoxm 
under controlled conditions in guinea-pigs as follows a series of animals 
weighing from 250 to 300 gm were given intravenous injections of sublethal 
doses of the toxin From four to six weeks later, the intracutaneous skin tests 
were made on the shaved abdomen, the dose of toxin being 0 1 c c 

We made pielnninary anaphylactic experiments to demonstrate the 
difference m behavior between autolyzed pneumococcus vaccine and 
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freshly prepared pneumotoxin We observed, “Guinea-pigs sensitized 
by intravenous injection of sublethal doses of pneumotoxin regularly 
shoAv hypei sensitiveness to the toxin, but only occasionally to the pro- 
tein of the cell substance of the pneumococcus ” 

“Noimal guinea-pigs, oi those sensitized with unrelated proteins, 
such as egg albumin, serum, leukocytes, blood fibrin or lung exudate of 
normal dogs, or with noimal human serum or with the reagents (sodium 
choleate, etc ) used in preparing the pneumotoxin, do not react to the 
mtracutaneous injection of pneumotoxin 

“The animals reacting to the pneumotoxin showed a definite zone 
of edema and erythema aiound the point of injection This tissue was 
excised and histologic sections were made The findings are as follows 
There is no change in the epidermis , immediately below it and including 
all of the submucosa to the fiist bands of muscle, there is an extensive 
edema and acute congestion and extraA^asation of erythrocytes The 
latter are Avell preserved and widely distributed m the edematous area 
Through this area aie also to be found numerous lymphocytes and 
plasma cells Avith occasional polymoi phonuclear leukocytes The muscle 
shows no invohement The predominating change is the hemorrhagic 
edema m the submucosa This picture is similar to the skin lesion pro- 
duced by diphthei la toxin 

“Contrasted A\ith this is the pustular and nodular appearance of the 
area m gumea-pigs reacting to the “pneumococcus protein” skin test 
Sections of these lesions show in some cases the epidermis intact, as 
likewise the submucosa subjacent and surrounding the hair follicles , 
others show marked destiuction of the epideimis and adjacent sub- 
mucosa through suppurative processes In the deeper portions of the 
submucosa and the involved uppermost bundle of muscle, marked 
changes are present characterized by acute hyperemia and dense collec- 
tions of polymorphonuclear leukocytes There is present a slight degree 
of edema and an occasional aiea of slight hemorihagic extravasation 
The predominating changes are the suppuration of the submucosa and 
muscle ” 

There is thus a histologic distinction between cutaneous reactions 
to pneumococcus protein and to pneumotoxin We conclude that skin 
reaction to pneumotoxin is a manifestation of a hypersensitiveness to a 
specific toxic protein which has been introduced parenterally into the 
tissues of the body We shall refer later to this phase of the work 

The desirability of discovering a method of studying the immunity 
to and the mechanism of recovery fiom pneumonia led us to apply the 
pneumotoxin skin test to patients suffering from lobar pneumonia in 
the various hospitals of Philadelphia during the winter of 1917-1918 
All the precautions mentioned in connection with the laboratory studies 



W El SS-KOLMER— LOBAR PNEUMONIA 267 

weie observed Many control patients, normal adults and children and 
patients suffeimg fiom various chronic and acute infectious diseases 
of non-pneumococcic oiigin, were tested The results of the tests done 
on childien are of particular interest because these patients are less 
prone to be sensitized to various foieign proteins and above all the 
disease geneially luns a more definite course not being complicated by 
alcoholism, tubeiculosis, etc 

The appearance ^ of the skin reaction to pneumotoxm is in all 
respects similar to that described for the Schick test with diphtheria 
toxin Two or three cases tested just prior to crisis showed a strongly 
positive reaction maiked by vesiculation of the surface layer of the 
epithelium Other positive cases showed the usual definitely circum- 
scribed aiea of edema and erythema persisting for thiee or foui days 
and then giadually fading, leaving a definitely circumscribed scaling 
area of brownish pigmentation After injection of the various control 
fluids in cases of lobar pneumonia (all were used excepting the vaccine), 
and of pneumotoxin m control cases, the skin remained normal or 
presented a slight scratch at the point of injection Occasionally (m 
one or two cases of streptococcus infection) the entire arm presented 
a diffuse er}thema without a definite aiea of edema Such conditions 
nevei persisted longer than forty-eight hours and were considered 
pseudo-anaphylactic reactions 

Summarizing the lesults of the pneumotoxm skin test applied to 
adult cases of lobar pneumonia, we may say that a specific reaction was 
elicited as early as the fifth and as late as the thirteenth day of the 
disease (two days before and six days after crisis, respectively) In 
children it was demonstiable about the same time, but was negative 
immediately or one or two days after the crisis Patients recoveimg 
by lysis leacted as late as the thirty-second day In general the test was 
positive m all active cases, that is, thioughout the toxemia Cases 
earhei than the fifth day were not av'^ailable Conti ol patients suffering 
with bronchopneumonia or acute or chronic infections not of pneu- 
mococcic origin, as well as healthy adults and children, did not react 

Attention is again directed to the definite distinction between the skin 
reaction to pneumotoxm and the allei gic skin reactions to pneumococcus 
protein As was pointed out in leviewmg the work of Clough, Well, 
Steinfield and Kolmer, the lattei reaction is geneially negative during 
the course of the disease and occasionally positive after subsidence The 
reverse is generally true in the case of the toxin test 

The mechanism of the pneumotoxm skin reaction is left for future 
investigation Tentatively we regard the reaction as indicative of a state 


5 We are not referring to its mechanism 
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of alleigy to pneumotoxin As we have suggested elsewheie, sensitiza- 
tion takes place during its libeiation (by the action of the normal body 
enzymes on the pneumococci localized in the lung alveoli) at the 
time of the prolonged chilling of the body due to exposure Viewed 
in this light, failure to elicit the reaction in any convalescing patient 
signifies the establishment of a temporary immunity or the disappear- 
ance of the toxin 



SOME OBSERVATIONS ON THE VALUE OF THE 
INDEX AND ANGLE OF BORDET-VAQUEZ 
IN CARDIAC EXAMINATION 

DAVID S DANN, MD 

BOSTON 

In 1918, Bordet and Vaquez^ described two methods for measuiing 
enlaigement of the left ventiicle in the anteioposterior plane oi depth 
Measuienients on the orthodiagraphic tiacing or teleoroentgenogiam of 
die heart have been developed to the point wheie they aie essential to 
caieful cardiac study But they give information concerning only the 
measurements of the heait in the transverse plane It can be appie- 
ciated how valuable would be additional information concerning enlarge- 
ment of the left ventricle in the anteroposterior plane In view of 
tins fact, and because these methods are gaining attention and piomi- 
nence m the roentgen-ray laboi atones abroad, a critical study of the 
value of these methods w''as made in a series of seventy subjects and 
nine anatomic cross sections 


TECHNIC 

Imagine the patient standing, facing the fluoroscopic scieen, as the 
cross section Figure 1 represents, with the taiget situated 60 cm from 
the screen The diaphragm is shut down to a narrow slit and the 
tube centered on the apical region of the heart Then the extieme 
point to the left, Bj m the path of the rays A N, is marked on the 
scieen at V A stiip of lead 10 cm long is then placed on the screen 
so that one end coincides with the point N, the tube is then mo\ed 
to the left until the other end of the stiip of lead is in the center 
of the slit formed by the rays, the tube has then been moved to A' 
tnrough a distance of 10 cm , and the diaphiagm opened wide, and 
a second mark N' made coi responding to the new extreme point to 
the left in the path of the oblique lays A' N' The distance N N' 
Detween the two crayon marks measured in millimeters is that which 
Bordet and Vaquez have pleased to call the “index of depth ” ^ It will 

* From the Roentgen-Ray Laboratory of the Massachusetts General Hospital 

1 Vaquez, H, and Bordet, E The Heart and the Aorta, Translated by 
Honeij, J A, and Macy, J , Ed 2, New Haven, Yale University Press, 1920, 
pp ^8-56 

2 Monson devised a simple piece of apparatus for reading the index 
directly This can be adapted to any screen Monson, J M W A Radio- 
scopic Method for Estimating Hypertiophy of the Left Ventricle, Arch Radiol 
& Electrotherap 23 282, 1919 
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Fig 1 — Cross-section of the trunk in the apical region of the heart, about 
the level of the tenth dorsal vertebra Section was drawn from the anatomic 
collection at the Harvard Medical School It illustrates the method for finding 
the inde\ of depth and angle of disappearance of the farthest point to the left 
m the region of the apex AA', positions of the tube, NN', projections of the 
normal ray and oblique ray, 8 mm the index of depth XYZ, angle at which 
the point C disappears behind the spine This occurs when the section is rotated 
until the line DC is perpendicular to a base line 



Fig 2 Same method as in Figure 1 m case of enlargement of the left 
ventricle 
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be noted that tins method ind, cates the depth of a pomt on the postenoi 

“e of the left ventr.cle, and, for the deternnnat.on o that pent, 

the prmcple nwolved m locahng fore.gn bodies ts utd.zed 

Tmaffine this cross section turned around so that the pahent 

^ 4.1 1 1 M tn the <icieen In this position the apex of the 

standing with his back to the screen in 

heart projects to the left o the 7 ? ^'Hotlle. gtadually 

slowly, wtth the right shoulder as a p|VOt, f > 

becoming more distant from the screen Uur g 



r -XT , or.f1 Rordet (From Bordet and Vaquez ) 
pjg 3 — Gonimeter of Vaquez and 


4 . 4 - Uof. Ipft m the region of the apex approaches 
then the extreme point to the left > ^ The 

the yertebial column ant na 

angle of obliquity formed by a-vised by Bordet and Vaquez 

t:^o7d,sappearance of the 

--at actu.. ^ pr c^co 

:r=rrbaro^ie„^^ 

line DC IS perpendicular to the sere 

obliquity formed by the -f ™ *%egion of the apex coincides 

which the left border of the heart in r s 
with or has ]ust disappeared behind the spine 
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In addition to the determination of the index and angle measure- 
ments, all subjects were examined according to the technic desciibed 
by Holmes and Ruggles,^ using the combined fluoroscopic and seven 
foot teleoroentgenographic obseivations 

THEORETIC CONSIDERATIONS OF THE INDEX AND ANGLE 

It Will be noted that if the left ventiicle is increased in the antero- 
posterior plane or in depth, as shown in Figure 2, when the tube is 
shifted 10 cm, the oblique lays will meet a point, B, at a greater 
distance from the screen than in Figure 1, and wall be projected farther 
to the left of N on the screen and thus increase the distance N N' 
or the index of depth The distance of point B from the screen is 
thus seen to be the deteimining factor of the index measuiement It 
IS readily appreciated that in addition to enlargement of the left ventricle 
in depth the distance B N can be increased by anjiihing which tends 
to inciease the distance between the anterior chest w^all and the screen 



Fig 4 — Relationship of index and angle to'the cardiothoracic ratio Ordi- 
nates to the left, index in inms , cardiothoracic ratio in decunals Ordinate to 
the right, angle Abscissa, each square represents a case, upper broken line, 
index, lower broken line, angle Solid horizontal lines, upper normal levels 
foi each of these measurements 

It will also be observed (Fig 1) that the oblique rays A' N' only 
project points on the posterior surface of the left ventricle wdiich occur 
in their path, considerable enlargement can exist posteriorly and still 
De out of the path of these oblique lays, thus exeitmg no influence 
on the index of depth 

The enlargement of the right ventricle is laigely anterior and there- 
fore wall not alter the index measurement 

Theoretically, it would appear that the angle of disappearance of 
the apex should depend normally to a great degi ee on the shape of the 
thorax, being less in the case of a heart in a thorax of round cross 
section than in the same heart in a thorax whose cross section w^as 

3 Holmes, G W , and Ruggles, H W Roentgen Interpretation, Phila- 
delphia and New York, Lea & Febiger, 1921, p 124 
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considerably flattened m the anteroposterior direction Reference to 
Figuies 1 and 2 shows that in addition the position of point C or the 
shape of the posterolateral surface of the left ventiicle must be taken 
into account 


CLINICAL AND ANATOMIC OBSERVATIONS ON THE RELATIONSHIP 
OF INDEX, ANGLE, AND CARDIO-THORACIC RATIO 

Roger Lee^ called attention to the lelationship existing noimally 
between the heart, chest, and age Saul Danzer ^ expressed this rela- 
tionship in the foini of a latio in which, normally, the total transverse 
diameter of the heart is equal to or less than one-half of the widest 
internal diameter of the chest In other words, normally the cardio- 
thoracic ratio equals 0 5 or less 


TABLE 1 — Measurements for Noraial Subjects 


Case 

Age 

Height 

m 

Weight Inches 

Trans 

verse. 

Cm 

Longi 

tudmal. 

Cm 

Index 

Cardio of 

Thoracic Depth, 
Ratio Mm 

Angle* 

Ant -Post 
Diameter 
Chest, 
Cmt 

Shape 

of 

Heart! 

Dr M S 

23 

166 

68 

12 9 

13 7 

0 50 

14 

40— 

235 

0 

Dr J' R 

28 

140 

66 

11 

13 

0 44 

12 

25+ 

19 

V 

Dr E W 

29 

200 

72 

14 8 

15 6 

0 48 

16 

60+ 

22 3 

H 

Dr W 0 

24 

185 

75 

13 9 

14 7 

0 47 

10 

45+ 

22 

V 

Dr W A 

27 

145 

69 

13 1 

14 4 

0 47 

14 

35 

20 5 

0 

Dr E W 

24 

140 

67 

12 4 

15 

0 49 

15 

35— 

18 5 

0 

Dr M S 

29 

150 

72 

12 4 

14 9 

0 47 

8 

40+ 

19 5 

V 

Dr I W 

27 

172 

72 

14 5 

15 

050 

14 

40 

20 5 

0 

Miss A 

23 

170 

65 

12 

14 

050 

16 

35— 

19 

H 

Miss C 

30 

140 

66 

10 4 

13 

0 46 

11 

50+ 

19 

H 

Miss D 

23 

95 

65 

9 1 

10 5 

0 44 

10 

35 

16 2 

V 

Miss W 

19 

125 

67 

10 2 

12 9 

0.48 

10 

35 

18 7 

V 

Miss F 

19 

112 

63 

11 5 

13 4 

0 49 

11 

40— 

17 

0 

Dr E Y 

26 

165 

72 

11 7 

13 3 

0 43 

9 

40— 

20 3 

V 

Miss P 

20 

143 

65 

12 2 

131 

0 48 

14 


22 

H 

Dr W M 

27 

190 

72 

14 3 

16 3 

0 46 

14 


23 

0 

Mr M N 

27 

198 

66 

13 7 

14 5 

0 48 

13 


22 1 

0 

Miss H 

21 

135 

66 

12 6 

13 4 

0 49 

13 


19 2 

0 

Miss H 

19 

112 

63 

10 4 

13 1 

0 47 

13 


17 

Y 


* In angle, + = increase from 2 to 3 degrees, — = reieise 
t Taken at level of tenth dorsal vertebra 
f 0 = oblique, V = vertieal, H = Horizontal 


It Will be observed in Figure 4 that normally when the cardio- 
thoracic ratio does not exceed 0 5, the index does not exceed 16 mm , 
but the angle does exceed 40 degiees which was taken as the upper 
normal limit by Boidet and Vaquez To be sure, the index measure- 
ment does exceed their upper noimal of 14 mm , but it will be observed 
fiom Table 1 that this occurred m well developed, heavy subjects At 
the same time, it will be noted that there is no parallelism between 
the index and angle measurements 

4 Lee, R I , Dodd. W J , and Young:, E L A Study of the Effect of 
Rowing on the Heart, Boston M & S J 173 500, 1915 

5 Danzer. Saul C The Cardiothoracic Ratio An Index of Cardiac 
Enlargement, Am T M Sc 184 513, 1919 
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This same lack of parallelism is noted in Figure 5 in a series of 
pathologic hearts, and in Figure 6, cross sections of the trunk in the 
apical region of the heart 

The figures derived from these cross sections are offered here 
merely from a comparative standpoint It is realized that postmortem 
changes cause alterations in volume which to a certain extent destroy 
then value for obtaining exact figures as to size But they do furnish 
valuable information concerning the factors involved in cardiac measure- 
ments Concerning the angle measurement, Van Zwaluwenburg says ® 
“m our hands this maneuver has been somewhat disappointing, since 
the exact angle depends to so great a degree on the shape of the thorax ” 

PH\SIOLOGIC INFLUENCES ON THE INDEX OF DEPTH 

In View of the transverse cardiothoracic ratio, it was thought that 
a similar relationship might exist normally between the index and the 
anteroposterior diameter of the chest Figure 7 fails to substantiate 
such a parallelism 

TABLE 2 — Effect of Respiration on the Index of Depth 

Quiet Respiration Forced Inspiration Forced Expiration 


14 

24 

18 

13 

11 

27 

9 

20 

18 

14 

10 

22 

9 

11 

19 

12 . 

17 

18 


It Will be recalled from the paragraph on theoretic considerations 
that the index would be increased by anything which increased the 
distance between the anterior chest wall and the screen, this condition 
obtains in female subjects, and it is readily appreciated that when the 
breasts are considerably increased m size, proportionate reduction must 
be made in the index measurement This is easily obtained by apply- 
ing the theorem for similar triangles, after the thickness of the breasts 
has been measured 

It will be observed from a comparison of the index of depth and 
the form of the heart (Table 1) that the larger values tend to be 
associated with the horizontal type, while the smaller accompany the 
vertical type The reason for this will be discussed in the consideration 
of pathologic hearts 

Table 2 shows the marked influence that forced respiration exerts 
on the index measurement Groedel makes the following statements 

6 Van Zwaluwenburg, J G A Plea for the Use of the Fluoroscope in the 
Examination of the Heart and Great Vessels, Am J Roentgenol 7 1, 1920 
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Fig 5 — Relationship of angle to index in a series of pathologic subjects 
Ordinates and abscissa same as m Figure 4 Solid line, index, broken line, 
angle 



L 

ja 




\ \' 

HO 


... 


Fig 6 — Relationship of angle to index m a series of anatomic cross- 
sections Ordinates and abscissa same as in Figure 5 



Fig 7 — Relationship of index to anteroposterior diameter of the chest 
Diameter taken at level of tenth dorsal vertebra with calipers Ordinate in 
centimeters for the solid line, chest diameter, in millimeters, the broken line, 
index Abscissa, each square a case 
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concerning the influence of respiration on the heart Following the 
force of gravity, the heart moves lower on inspiration, and the apex of 
the heart turns inward following the directions of the hands of the 
clock , the opposite occurs on expiration , exact measurements show that 
on quiet breathing there is no diminution and therefore no change m 
dimensions ” The marked alteration m the normal value of the index 
during forced respiration suggests the fact that the index measurement 
cannot be of value where the heart is displaced by pathologic conditions 
in the lungs, pleuia, mediastinum, diaphragm, and perhaps large 
aneurysms of the aorta 



Fig 8 — Weights of the left ventricle Charted from Lewis’ tables Ordi- 
nate, weight in grams , abscissa, each square, a case AL, normal cardio- 
vascular controls , BM, mitral stenosis predominant valvular lesion , CAf, mitral 
stenosis and aortic disease, DO, hypertensive heart disease with evidence of 
chronic nephritis and a systolic blood pressure of 160 mm or more, EP, aortic 
disease predominant 

OBSERVATIONS ON THE INDEX IN PATHOLOGIC SUBJECTS IN 
RELATION TO NECROPSY FINDINGS 

Since the index has been proposed as a guide to increase in depth 
of the left ventricle and indirectly to left ventricular hypertrophy, it 


7 Groedel, F M Die Roentgendiagnostik der Herz imd Gefaszerkran- 
kungen, Berlin, Herman Meusser, 1912, pp 65 and 69 
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seems highly desirable to make a general inquiry into the relation of 
hypertrophy to valvular and hypertensive heart disease to determine if 
the index measurement is compatible with our knowledge of hyper- 
trophy m these conditions Lewis ® has placed the question of 
hypertrophy and its associations with valvular disease upon a scientific 
basis by devising a method of dissection of the heart into its separate 
chambers, which is of much greater exactitude than those customaiily 



Fig 9 — Weights of the right ventricle Legend same as in Figure 8 

practiced in the postmortem room Figures 8, 9 and 10 represent 
charts which were constructed from his findings in the various affec- 
tions noted It will be observed that the order of progression for the 
separate ventricular weights is normal, predominant mitral stenosis, 
hypertensive heait disease with and without nephritis, aortic and mitral 
disease, and finally aortic disease in which we find in geneial the heaviest 

8 Lewis, T Observations on Ventricular Hypertrophy, with Especial 
Reference to Preponderance of One or Other Chamber, Heart 5 377, 1913 







Fig 10 — L/R ratio for ventricular weights Ordinate represents the ratio 
of the weight of the left ventricle to that of the right, otherwise legend the 
same as in Figure 8 



Fig 11 — Normal subject 
69 inches 


Dr W A , aged 27 , weight, 145 pounds , height. 




Fig 12 — Mitral stenosis, predominant valvular lesion, markedly increased 
cardiothoracic ratio, but normal index Ordinates represent index and cardio- 
thoracic ratio as explained in Figure 4 Index, broken line, plotted against 
cardiothoracic ratio solid line Abscissa, each square a case Horizontal solid 
lines, upper normal limits for each measurement 



Fig 13 — Rheumatic heart disease with mitral stenosis, predominant vahular 
lesion , increased cardiothoracic ratio and index Roentgen ray 82669 , House, 
West Med No 248317 Weight, 108 pounds, height, 62 inches A white 
woman, 35 years of age, sitting propped up in bed with evident moderate res- 
piratory embarrassment Had scarlet fever at 8 years of age, with “rheumatism” 
the following year and frequent tonsillitis For the past two years has had 
dyspnea, palpitation and pains all over the body on exertion, which have been 
increasing in severity Has an unproductive cough which keeps her awake 
nights Examination shows a loud systolic apical murmur, obscuring the first 
sound and transmitted to the axilla, at the apex is also heard a short mid- 
diastolic murmur Sounds are absolutely irregular, slightly rapid and of forcible 
quality Blood pressure, 110/70 Scattered musical, sticky rales over both lungs 
anteriorly and posteriorly The liver edge is felt 4 cm below the right costal 
margin Scars on the right shin Blood Wassermann Strongly positive 
Electrocardiograph Auricular fibrillation (coarse), rate, 70, diphasic T 
Roentgen ray shows marked prominence of the right and left auricular arcs and 
pulmonary arc The left ventricular arc is flattened, apex pointed and displaced 
downward In general, heart is “acorn-shaped ” In the right antero-obhque 
position, there is marked prominence in the region of the auricles Cardio- 
thoracic ratio = 067, index of depth = 13 mm Findings suggest marked enlarge- 
ment of the heart, confined to the auricles and right ventricle The chest plate 
in addition shows moderate prominence and thickening of the larger lung mark- 
ings throughout both lung fields Diagnosis Rheumatic heart disease, with 
mitral stenosis, auricular fibrillation and failure of the congestive tjpe 




Fig 14 — Mitral and aortic disease Legend same as in Figure 12 
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fig 18 — Syphilitic heart disease Avith aortic regurgitation, increased cardio- 
thorac c ratio but normal index Roentgen ray 80130, Outpatient Department 
No 408054 Weight, 136 pounds , height, 67 inches A white fairly well 
developed man, 45 years of age, who has had an unproductive cough and sharp 
pains m the right shoulder for the last three weeks Examination shows pupils 
which react sluggishly to light but well in accommodation Systolic and dia- 
stolic murmurs at the apex The latter is loudest over the aortic area Blood 
pressure 210/80 Blood Wassermann Strongly positive at three examinations 
The roentgen ray shows an increase in the shadow of the heart to the left, with 
moderate prominence of the left ventricular and rounded apex, without promi- 
nence of the auricular arcs In general, heart has a slightly “lying egg-shaped” 
appearance There is a marked increase in width of the supracardiac shadow 
to the right and left, particularly to the right at the base, and tortuosity of the 
aorta with a prominent knob In the right antero-oblique position, the base 
of the supracardiac shadow is slightly increased There is no prominence m 
the region of the auricles in this position Cardiothoracic ratio = 0 60, index 
of depth = 14 Findings suggest slight dilatation and arteriosclerosis of the 
ascending aorta, and enlargement of the heart in the region of the left ven- 
tricle Diagnosis Syphilitic heart disease with aortitis, slight dilatation and 
arteriosclerosis of the ascending aorta, and aortic regurgitation 
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right and left ventricles It is well to bear this order in mind for a 
comparison with the index findings charted in these same affections 
later on 

Figure 10, which shows the ratio of the weight of the left ventiicle 
to that of the right, is charted because of its interest from an electro- 
cardiographic standpoint and may offer a basis for future comparison 
with the index measurement 

Let us now consider the index measurement m these various affec- 
tions and Its relation to the cardiothoracic ratio It is observed in 
predominant mitral stenotic lesions (Fig 12) that while the cardio- 
thoracic ratio IS generally increased, the index measurement lemains 
practicall)'’ normal Figure 13 is an illustrative case of this group, in 



Fig 19 — Hypertensive heart disease with and without clinical evidence of 
chronic nephritis , systolic blood pressure 160 mm or more, diastolic 100 mm 
or more Legend same as in Figure 12 

which the marked increase in transverse width is noted with a com- 
paratively small index On the other hand, when there is an accompany- 
ing aortic lesion, there is a general concomitant increase in index with 
the cardiothoracic ratio as shown in Figure 14 and illustrated in Figure 
15 When we come to the cases of aortic regurgitation (Fig 16) a 
marked lack of harmony is noted between the index and cardiothoracic 
ratio Figure 17 illustrates a case of syphilitic heart disease with 
aortic regurgitation, having an increased cardiothoracic ratio and an 
increased index measurement, while Figure 18 shows a heart in the 
same type of disease, with an increased ratio and a normal index In 
this connection, it will be recalled, under theoretic considerations of 
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Figme 1, that considerable enlargement of the left ventricle can exist 
posteriorly and still exert no influence on the index measurement In 
hypertensive heart disease, with and without clinical evidence of 
nephritis (Fig 19), there is, in general, an increased index when the 
cardiothoracic ratio is increased, except in one or two instances in which 
the former is slightly increased or normal when the latter is markedly 
above normal Figure 20 illustrates a case of hypertensive heart dis- 
ease (with chronic nephritis) with an increased cardiothoracic ratio and 
index of depth Figure 21, a case of the same group, shows an increased 



Fig 20 — H 3 'pertensive heart disease, increased cardiothoracic ratio and 
index Roentgen ray 78888 , House, East Med No 245881 Weight, 187 pounds , 
height, 70 inches A white, well developed woman, 55 years of age, who for a 
number of years has suffered from frequent headaches, transient attacks of 
dizziness, nocturia, dyspnea on exertion, and occasional attacks of palpitation with 
stabbing precordial pain Examination shows heart sounds of good quality, loud, 
A", first sound short and snappy at the apex Blood pressure 235/140 Slight 
edema of the ankles Fundi show albuminuric retinitis Urine shows a trace 
of albumin, specific gravity 1 014, occasional hyaline cast Blood nonprotein 
nitrogen 45 6 mg per 100 c c The roentgen ray shows marked increase in the 
heart shadow to the left, exaggeration of the left ventricular convexity, and 
apex blunted and elevated No prominence of the auricular arcs In general, 
heart is goose-shaped The supracardiac shadow measurement is increased 
in width in the anteroposterior and right antero-oblique positions, aortic shadow 
tortuous with a prominent knob, but diaphragmatic shadows are high In the 
oblique position, there is no prominence in the region of the auricles Cardio- 
thoracic ratio — 0 68, index of depth = 34 mm Findings suggest marked 
enlargement of the left ventricle Diagnosis Hypertensive heart disease, 
with chronic nephritis, arteriosclerosis of the aorta, and left ventricular 
preponderance 
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cardiothoraac ratio and a normal index measurement There aie 
sufficient grounds, however, in the latter case to substantiate argu- 
ments for and against any considerable enlargement in depth It is 
shown because of the possibility of enlargement in depth of the left 
ventricle with a normal index, and to be borne in mind in connection 
with similar measurements in aortic disease 

Let us now compare the index measurement in these various cardiac 
affections with the figures of Lewis for ventricular weights, to see 
whether harmony exists, and, if not, to seek some plausible explanation 
for the discrepancy Figure 22, in which the indices are charted, shows 
the order of progression to be as follows normal and mitral stenosis, 



Fig 21 — Hypertensive heart disease, increased cardiothoracic ratio, but nor- 
mal index Roentgen ray 79989, Outpatient Department No 385516 AVeight, 
140 pounds , height, 63 inches An obese, white woman, 59 years of age, who 
for the last two 3 'ears has suffered from severe attacks of anginal ( pain 
She had diphtheria twice during childhood Examination shows heart sounds 
of good quality, and a short systolic at the apex Blood pressure 220/120 
Slight edema of the shins Electrocardiograph Tachycardia (? paroxysmal — 
^ sino-auricular) with intraventricular block of left bundle branch type Rate, 
140 The roentgen ray shows an enlargement of the heart shadow to the left, 
accentuation of the left ventricular convexity and blunting of the apex There 
IS no prominence in the region of the auricles in the anteroposterior or oblique 
positions Cardiothoracic ratio = 060, index of depth = 15 mm Findings sug- 
gest enlargement of the left ventricle Diagnosis Hypertensive heart disease 
chronic nephritis (?) and failure of the anginal tvpe (?). 
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aortic regurgitation, aortic and mitral disease, and finally hypertensive 
heart disease, in which the highest figures are obtained Note that 
tins order is quite different from that observed in Figure 8, for the 
weights of the left ventricle, where the hearts with aortic regurgitation 
were the heaviest 

A study of the measurements charted in Figure’ 22, and of the 
illustrations of the characteristic examples of these various cardiac 
affections, suggests a plausible explanation for this apparent dis- 
crepancy It will be noted that in cardiac affections in which mitral 
stenosis is the predominant valvular lesion, the enlargement of the 
heart is virtually wholly on the right side, while the left ventricle is 



Fig 22 — Indices of depth in normal and pathologic subjects Ordinate,, 
index m mm , otherwise legend the same as in Figure 8, weights of the left 
ventricle, with which it should be compared 

comparatively small or normal in size , but the left ventricular outline or 
arc is markedly flattened , the apex is pointed and displaced downward , 
in general the heart is “acorn-shaped,” and here the index measure- 
ment is small or normal It will be recalled, also, that the normal 
vertical shaped hearts give the smallest index measurements 

In aortic and mitral disease, the heart is enlarged both to the right 
and left , the left ventricular arc is moderately exaggerated , the apex 
is rounded, displaced to the left, and slightly raised , and here the index: 
is increased 
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In pure aortic valvular disease, with regurgitation predominating, 
the left ventricle is generally enlarged, the exaggeration of the left 
ventricular arc varies, but the apex is displaced downward, giving 
the heart a "lying egg shaped" appearance , in other words, producing 
most of the prominence or bulge posteriorly close to the spine, and thus 
the enlarged portion of the left ventricle may or may not be placed 
outside of the path of the oblique rays, thereby making the index 
measurement variable 

In hypertensive heart disease, the enlargement is confined in great 
measure to the left ventricle , the left ventricular arc is markedly exag- 
gerated , the apex is rounded or blunted and displaced upward, giving 
the heart a "goose shaped” appearance or the heart "en sabot” of the 
French, and here the index is generally enlarged, at times quite 
markedly These observations suggest that the most impoitant factor 
influencing the index of depth is the shape of the left ventricle 

SUMMARY AND CONCLUSIONS 

The technic of Bordet and Vaquez for obtaining the "index of 
depth” and the "angle of disappearance of the apex” is described 

From theoretic considerations of anatomic charts, and observations 
on nine anatomic cross sections of the trunk in the apical region of 
the heart, nineteen normal, and fifty-one pathologic subjects, the follow- 
ing conclusions, tentative to necropsy verification, are suggested 

1 There is no harmony between the index of depth and the angle 
of disappearance of the apex 

2 There are normal cases in which the angle exceeds quite definitely 
the upper normal limit (40 degrees) of Bordet and Vaquez 

3 Normally the index does not exceed 16 mm 

4 There are undoubtedly cases of enlargement of the left ventricle 
in depth with a normal index 

5 It IS quite obvious from the above findings that the index is 
of value only in a positive direction 

6 The most important factor influencing the index measurement 
IS the shape of the left ventricle 

7 When from the anteroposterior fluoroscopic or plate examina- 
tion it IS difficult to difterentiate between a heart with an aortic valvular 
lesion and one with hypertensive disease, an index measurement of 
25 mm or more is very suggestive of the latter affection 

8 The index may be a very valuable additional method for studying 
the progress of hypertrophy of the left ventricle in an individual case 

In conclusion it is well to recall the words of Alfred Cohn ° "No 
phase of the phenomena associated in maintaining the circulation may 

9 Cohn, A E Nelson Loose Leaf Medicine, Diseases of Circulatory Sys- 
tem, New York 4 175, 1920 
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be neglected, nor in the clinic may any intensification of study designed 
to widen the range of knowledge be omitted ” 

For constant help and invaluable suggestions throughout this work, 
I wish to express my appreciation to my chief. Dr George W Holmes, 
also to Drs Paul D White and Louis E Viko of the cardiographic 
laboratory, for clinical aid 

10 White, P D , and Meyers, M M The Classification of Cardiac Diag- 
nosis, J A M A 77 1414 (Oct 29) 1921 



PATHOLOGIC PHYSIOLOGY OF POLYCYTHEMIA 

VERA=i 

RAPHAEL ISAACS, AM, MD 

CINCINNATI 

Some features of the abnormal physiology of polycythemia vera 
(Vaquez or Osier’s disease) were studied m a case in the medical 
wards of the Cincinnati General Hospital, on the service of Dr Mark 
Brown 

REPORT OF CASE 

Hutoiy — The patient (No F9928), a well developed man of 62, was in 
good health until five years ago While on duty as a policeman, he was struck 
m the abdomen with an iron bar One-half hour later he became weak and 
helpless and was taken to a hospital The following day the abdomen was 
opened and the peritoneal cavity was found to be full of blood from a ruptured 
mesenteric artery His recovery was uneventful, and he continued in fair 
health with occasional attacks of vertigo and headache Some of his symptoms 
at that time led to a tentative diagnosis of tuberculous meningitis, but there 
was apparently nothing to substantiate this He noted that his symptoms were 
always definitely aggravated by two things — the use of tobacco and certain 
foods (onions) Seven months later, he accidently struck his left side against 
some obstruction A severe pain developed, and soon afterward he noticed 
that there was a mass in the left upper quadrant of his abdomen It was "hard 
as a rock’’ at first but later became smaller and softer 

About one and a half years after he had noticed the enlarged spleen, he 
began to suffer from severe pain in his toes and fingers, later extending to 
the feet and hands He said that he felt as if they had been "smashed with a 
hammer’’ and "the blood was under tremendous pressure inside ’’ He obtained 
some relief from the pain by holding his hands above his head The discomfort 
was not as great in summer as in winter 

Physical Examination — Among the essential features on physical examina- 
tion were the flushed appearance of the face and neck, which were reddish 
purple in color, and the congestion and cyanosis of the hands, nail beds, feet, 
sclera, tongue and pharynx His \oice was high pitched His teeth had all 
been removed years ago The tonsils were small In the chest, a few, fine 
crepitant rales were heard at the end of deep inspiration in each axilla and 
both bases 

The spleen was hard, smooth and readily palpable 14 cm below the left 
lower costal border The enlargement was also demonstrable by the 
roentgen ray On percussion, the total length was 36 cm , and the width 
12 cm No enlarged lymph glands were noted The heart was normal in 
size The weight at the time of the first examination w^as 164 pounds, increas- 
ing during the course of three months to 170 pounds The patient noted that 
he did not sweat much 

Blood Examination — The red and white cells were counted many times 
with results as shown in Table 1 

The count of Jan 21 1922, followed three days after roentgen-ray treatment 
over the splenic region and was made with a U S Bureau of Standards 
certified pipet and hemocytometer slide June 6, 1922, the hemoglobin (Salih) 

*From the Department of Medicine of the University of Cincinnati and 
the Cincinnati General Hospital 
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reading was 180 per cent , and the hemoglobin calculated from the iron con- 
tent was 193 6 per cent (using 16,693 as the molecular weight of hemoglobin) 
The color index varied from 0 97 to 088 according to the methods used for 
hemoglobin estimation The hemoglobin calculated from the oxygen combin- 
ing power (Van Slyke method) was from 163 6 to 170 8 per cent This cor- 
responded to 30 07 c c and 31 61 c c of oxygen bound by 100 c c of blood 
A study of the blood made by Dr Roger S Morris showed 81 3 per cent 
polymorphonuclear neutrophils, 9 3 per cent lymphocytes, 2 per cent eosino- 
phils, 4 3 pel cent transitionals and large mononuclears and 1 5 per cent mast 
cells, in 736 cells No myelocytes were noted at this examination Two 
normoblasts were encountered The red cells were essentially normal in 
appearance A count made subsequently showed 1 eosinophilic myelocyte and 
4 normoblasts to 600 leukocytes which corresponded to 120 nucleated red cells 
per cmm (May 23, 1922) 

Spcch oscoptc e\aimnatxon of the blood showed the normal absorption bands 
Hematin crystals formed by heating the blood with glacial acetic acid and 
sodium chlorid showed no abnormalities 

The platelet count was 200,000 (Wright and Kinnicutt method) The bleed- 
ing time was 1)4 minutes, and the coagulation time (capillary tube method) 
was longei than twentv-three minutes 

TABLE 1 — Results of the Blood Cell Count 


Bate 

Erythrocytes 

LcuLocrtes 

4/ 9/20 

7,300,000 

8,274 

10/ 4/21 

7,480,000 


U13I22 

10,950 000 

11,600 

l/lil22 

13 200,000 

14,300 

1/21/22 

15,910 000 

21,000 

1/22/22, p in 

13,420,000 

13,000 

a m 

9,904,000 


1/23/22 

12,000,000 

11,700 

1/24/22 

10,203 000 

9,201 

1/29/22 

8,680,000 

11,850 

2/ fi/22 

9,312,000 


V15/22 

9,024 000 


5/23/22 

9,136 OOO 

14,000 

6/ 0/22 

9,240,000 

16,500 

6/20/22 

9,640,000 

14,250 


The corpuscles were more resistant than normally to hypotonic salt solu- 
tions, hemolysis beginning at 0 3 per cent and reaching completion at 02 per 
cent Some of the patient’s blood was used in a transfusion to a pernicious 
anemia patient The color index of the recipient leturned to normal at the 
end of three days, the most common time being two days m the average 
transfusion The corpuscle volume was 2 4 times that of a normal blood 
of 5,000,000 red cells on Tan 23. 1922, when the count was 12 000,000 The 
plasma was a deep yellowish red 

The blood Wassermann reaction was repeatedly negative The viscosity 
of the blood (Ostwald viscosimeter) was increased to 12 27 times that of water 
at 28 5 degrees which would correspond to 113 at body temperature (38 C) 
being over twice normal (from 4 73 to 589) The surface tension was reduced 
Specific gravity, 1 078 (by weighing) 

Chemical analysts of the blood (determined by Miss Agnes Wolfstein) 
showed 0 079 per cent sugar (Folin and Wu method) , 15 7 mg urea, 69 mg 
uric acid (Folin and Wu method) A uric acid determination three months 
later showed 8 59 mg (Benedict method) Another determination showed 95 
per cent more in the plasma than m the corpuscles The blood chlorids were 
150 mg Blood cholesterol (determined by Dr Shiro Tashiro) was from 
0 112 to 0 176 mg per 100 cc and bile salts were normal Iron (M L Isaacs), 
90 mg per 100 c c (Brown’s method, normal, from 42 to 52 mg) 

Blood Pressure —This remained around 125 systolic, 85 diastolic 
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Uiine — The urine was essentially negative A very slight trace of urobilin 
was found on one occasion, but subsequently it was negative The phenol- 
sulphonephthalein output was from 37 to 50 per cent in two hours (not 
catheterized) 

Mefabolisin Detenmnattons — The relation between the oxygen intake (basal 
metabolic rate) as determined on the Sanborn-Benedict apparatus, the respira- 
tion rate the heart rate, the red count and the vital capacity is shown in 
Table 2 (Corresponding observations taken at the same time) 

TABLE 2 — Results of Metabolism Studies 


Rate of oxygen intake (basal 
conditions) 

Respiratory rate 
Pulse rate 
Red count 

Vital capacity (VO) 

Calculated V 0 (Meyers i) 

V O , per cent of calculated 
Temperature 


Jan 15, 1922 

Feb 3, 1922 

May 15, 1922 

May 23, 1922 

June 6, 192, 

+"12% 

+38 7% 

+37 9% 

+34 5% 

+33 S%7 

12 

16 

16 

16 

12 

OS 

64 

76 

68 

75 



9,024,600 

9,136,000 

9,240,000 

2,494 c e 

1,398 c e 

2,123 c c 

2,281 c C 

2,277 c c 

4,659 C c 

4,659 e c 

4,782 c c 

4,782 C C 

4,742 c c 

53 5% 

30 0% 

44 S9% 

51 39% 

48 01% 

97 6 P 

97 8 F 

98 OF 

97 4 F 

97 8 F 


The average volume of air breathed per minute (reduced to 0 C and 760 
mm pressure) was 11,825 c c (May 23, 1922) under basal conditions The 
daily temperature varied from normal to slightly subnormal, with an occa- 
sional rise to 99 F The vital capacity was slightly greater in sitting position, 
than while lying down (June 6, 1922, sitting, 2,590, lying down, 2,277) In 
the sitting posture, the vital capacity was 54 62 per cent of the calculated 
June 20, 1922, the oxygen content of the venous blood was 27 23 c c ot 
oxygen per 100 c c blood With a total oxygen combining capacity of 31 61 
c c per 100 c c of blood, this was 86 12 per cent saturated The carbon dioxid 
combining power of the plasma (Van Slj'ke method) was 43 5 c c per 100 cc 
of blood 

DISCUSSION 

This case presents most of the classical symptoms and signs of 
erythremia The history of an abdominal injury is interesting, as some 
of the symptoms appeared to have been first noticed from that occur- 
rence The etiologic relation is, of course, problematical 

The high red count reached on Jan 21, 1922, followed a treatment 
of the spleen by exposure to the roentgen rays, and may have been 
stimulated by it (inhibition of macrophages^) The counts of the pre- 
ceding days, however, showed a tendency to rise before the treatment 
was started The rise of the leukocyte count with that of the red cells 
suggests that a concentration effect of the corpuscles and plasma was 
a significant factor m the variation in the number of corpuscles in the 
peripheral circulation from day to day The blood counts extending 
over a period of three years showed a persistent polycythemia 

The question of the mechanism of the increased number of red cells 
may find a solution in two factors, increased production (nucleated red 
cells m the penpheral circulation) and decreased destruction (high 
resistance to hemolysis in hypotonic solutions) The protective, anti- 

1 Meyers, J A Studies on the Respiratory Organs in Health and Dis- 
ease, Jour -Lancet 41 252, 1921 
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hemolyzing action which cholesterol exerts on red cells was not 
increased, as the values were normal or below normal 

The increased uric acid in the blood (6 9 and 8 59 mg), in the 
absence of renal involvement, may have its origin in the liberated nuclear 
mateiial formed in the increased production of red cells, from the 
extrusion or dissolution of the nuclear mateiial of the normoblasts at 
their p’ace of origin The normoblasts in the ciiculation are of impor- 
tance in this connection and suggest that there is an abnormal stimulus 
to the foimation and ciiculation of the red cells This is suggestive 
of a normal endogenous souice of uric acid in the body during health 
A high uric acid content of the blood m some stages of leukemia has 
been attributed to the nuclei and nucleai metabolites of the while cells, 
but the ‘'discarded” nuclei of the red cells may also be a factor The 
high line acid content of the blood m pernicious anemia (Gettler and 
Lmdeniann ") is compatible with this view Erickson ® and others have 
lepoited an mciease m the blood uric acid in pol 5 'cythemia veia Fitz ^ 
noted that while the total nonprotem nitrogen, fat, uric acid, and iron 
]vi 100 (. c of whole blood are definitely inci eased and the sugai con- 
centration slightly above normal these substances may be in approxi- 
mately noimal concentration m the plasma Because of the bulk of 
lorpmcles, he docs not consider the findings foi whole blood necessarily 
p.ithologiial Theis and Benedict,® howevei, m studies on blood m 
ddferent diseases, noted that m only eight cases out of 104, the uric 
aid vOiicentiation was greater m the corpuscles than m the plasma 
In the othei nmety-six cases the concentration was similar m both 
corpuscles and plasma, or greater m the plasma If a similar relation- 
ship holds constantly m erythremia, as in the piesent case, there is an 
absolute mciease m the uiic acid, and especially, as in this case, the 
other blood constituents were not increased Rouzand and Thiery “ 
noted that when theie is a elect eased blood viscosity, there is compara- 
tiveh moie uric acid m the serum than m the whole blood, and when 
the Mscosity is greater, the conditions aie leveised This was not 
tiue m the piesent case, however It is mteiestmg to note that a 
pei sistent headache was relieved fairly quickly following the taking 
of phenylcmchonmic acid, 0 5 gm , three times a day 


2 Gettler, A O and Lindcinann, E Blood Chemistry of Pernicious 
^nemla, Arch Int Med 26 453 (Oct ) 1920 

/c ^ ^ ^ ^ Case of Vaque/ Disease, Canad M A J 7 817 

(Sept ) 1917 

4 Fit7, R Polycythemia, Oxford Med 2 769, 1920 

5 Theis R C, and Benedict, S R Distribution of Uric Acid m the 
Blood, T Lab & Clin M 6 680 (Sent ) 1921 


6 Roiizaud and Thierv 
tion de I’acide urique dans 1 
de Biol 85 962 (Nov ) 1921 


Relation entre la viscosite sanguine et la reparti- 
e scrum et dans le sang total, Compt rend Soc 
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The apparent increase in coagulation time was evidently due to the 
relative diminution of the fibrin element and the increase m the cor- 
puscular element in a given unit of clot 

The lowered vital capacity (from 30 to 53 per cent of the calculated 
normal) may have been dependent, to some extent, on the mechanical 
congestion and engorgement of the pulmonary capillaries The crack- 
ling rales heard were not incompatible with this A similar congestion 
in the legs gave rise to ulcers which suggested areas of thrombosis or 
infarction 

The increased oxygen supply to each part was evidently the factor 
which compensated for the flow of a highly viscous liquid under low 
pressure, and prevented the development of edema which frequently 
results from similar mechanical conditions Localized edema some- 
times developed after prolonged exertion The viscosity at body tem- 
perature was 113 times that of water or from 1 92 to 2 39 times the nor- 
mal limits for blood, at a time when the cell count was from 1 85 to 2 05 
times normal limits The viscosity is thus coordinate with the red cell 
count The viscosity was also increased by the comparatively low body 
temperature of 97 and 98 F (mouth) A decrease of 5 degrees in 
temperature may increase the viscosity 4 per cent (Mathews^) On 
cooling the patient’s blood to 12 5 degrees, the mass became too thick 
to flow but the fluidity was restored on warming to room temperature 
In the hands and feet, the surface blood was exposed to temperature 
considerably below this (from 5 to 10 degrees), varying with the outside 
temperature may inciease the viscosity 4 per cent (Mathews ■) On 
two clinical phenomena — pain in the hands and feet, and aggravation 
of the symptoms in cold weather The pain was partially relieved by 
elevating the hands or the feet Lyon ® notes a parallelism between the 
viscosity of the blood and the blood pressure up to middle life (from 
30 to 39 years), but after this the agreement ceases The viscosity 
is then parallel to the hemoglobin and red cell count and falls as the 
blood pressure rises with age In this case while the viscosity was 
increased with the cell count, the blood pressure was low for the age 
of the patient, with no marked increase during the course of two years 
The absence of myocardial hypertrophy in this case, and as noted by 
Webei ° IS an odd feature of the disease under these conditions 

Two factors served to compensate for the reduced vital capacity 
First, the increased hemoglobin with a comparatively normal oxygen 

7 Mathews, A P Physiological Chemistry, 1921, Ed 3, p 512 

8 Lyon, D M Blood Viscosity and Blood Pressure, Quart J M 14 
398 (July) 1921 

9 Weber, P Polycythemia, Allbutt and Rolleston’s System, London 5 
831, 1909 
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combining power, and, second, the greatly increased minute volume 
(from 9,7116 to 11,825 cc) of air breathed, practically about twice 
normal This lattei is interesting as the respiration rate was not 
inci eased, but the tidal volume was increased fiom 32 4 to 35 5 per 
cent of the vital capacity during quiet breathing, instead of from 7 
to 10 per cent , the calculated normal 

The increase in the rate of oxygen consumption (basal metabolic 
rate) remained from 31 to 38 per cent above normal during a period 
of observation of five months An increase has been reported as being 
characteristic of erythiemia, just as in the leukemias and pernicious 
anemia The inciease was present with a pulse rate of from 64 to 68, 
and a respiration rate of from 12 to 16, differing from the hyperthyroid 
types 

The basal metabolic rate, assuming that the respiratory quotient 
IS not abnormal,^® is more parallel to the blood destiuction or possibly 
nuclear destiuction, than to the numbei of cells in the circulation at 
the time The increased number of cells destroyed, even in the presence 
of a normal or moderately reduced rate of destruction, makes the condi- 
tion somewhat similar to the destructive anemias, wheie the rate is 
also high If blood destruction went on at a normal rate, there were 
practically twice the number of cells to be destroyed In erythremia, 
as well as in some stages of the leukemias and pernicious anemias, 
besides the increase in basal metabolic rate, the blood unc acid is high 
In the leukemias this has been given as an evidence of leukocyte activity 
In erythremia, however, the leukocytes are not increased in comparable 
ratio The nuclei fromi the maturing normoblasts in the bone marrow 
give a souice which must be considered 

The reddish cyanotic appeal ance is apparently not directly associated 
with the increase in red cells, as in cases of anerythremic erythremia 
described by Morns the cyanosis was present, but the red cell count 
was not increased Christian noted in fiv e cases of potycythemia in 
a senes of ten, that the deep color was not always pronounced, and 
some of the patients appeared to be pale Theie was no relation in 
the present case between the depth of color of the face and extremities 
and the daily variation in the blood count One factor, as noted by 
Oslei appeared to be the state of the capillaiies Examination of 

10 The average respiratory quotient of four cases studied by Senator (Ueber 
Erythrozytosis [Polyzythemia rubra] megalosplenia), Ztschr f klin Med 60 
360, 1906) was 0 816 

11 Morris, R S Anerythremic-Erythremia, Bull Johns Hopkins Hosp 
21 37 (Feb ) 1910 

12 Christian, H A Nervous Symptoms of Polj^cythemia Vera, Am J 
M Sc 154 547 (Oct ) 1917 

13 Osier, W Chronic Cyanosis with Polycythemia and Enlarged Spleen, 
Am T M Sc 126 187 (Aug) 1903 
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the capillary loops at the base of the nail beds (using olive oil to clear 
the skin, and using the 10 ocular and % objective in the microscope) 
showed that one limb and the arch of most of the loops was wide 
and distended, while the other limb was comparatively narrow On 
other occasions both loops weie distended On “frosting” the suiface 
with a stieam of ethyl chloride, the capillaries became greatly distended, 
but as the temperature returned to noimal, they became relatively 
nairow and pale for a time, gradually letuining to their original condi- 
tion In a few spots distension remained and there appealed to be a 
piactical thrombosis The loweiing of the tempeiature increases the 
viscosity beyond the stage of fluidity, as demonstrated in vitro, and 
stagnation and dilatation take place The subsequent nan owing of 
the vessels appeals to have been brought about by a neivous mechanism 
The depth of coloi in the skin is due in part, at least, to the state of 
distention of the capillaries 

The hemoglobin appeared to be noimal in all respects Spectro- 
scopically the absorption bands weie identical with those of normal 
oxyhemoglobin and no tiaces of abnoimal substances (methemoglobin, 
sulphhemoglobin) were detected The decomposition pioducts gave 
normal ciystals and the usual spectia The inci eased iron content 
(90 mg) lan proportional to the led cell count, resembling normal 
blood in this respect also (from 42 to 52 mg with counts ranging fiom 
4,500,000 to 5,000,000) being approximately a pioportion of 10 mg to 
each million corpuscles enumeiated per cubic millimetei The hemo- 
globin content ( 193 6 per cent ) calculated from the iron content was 
slightly higher than the reading on the Sahli scale The highest reading 
obtained on one occasion was 210 on the Sahh scale The oxygen 
combining power of the hemoglobin gave leadings for the hemoglobin 
of fiom 163 6 to 170 8 per cent 

The caibon dioxid combining power of the plasma showed a slight 
lowering of the alkali reserve (43 5 volume per cent ) The oxygen 
content of the venous blood from the arm after the patient had clenched 
his fist several times and then stopped, but was otherwise at complete 
lest, was 86 12 pei cent saturated, oi an oxygen unsatuiation of 4 38 
volumes per cent This is within Lundsgaard’s noimal limits for 
oxygen unsaturation of venous blood in normal persons at rest It 
was first thought that some of the cyanosis was caused by the incomplete 
oxidation of the aiteiial hemoglobin (although enough oxygen was 
piesent for normal physiologic purposes), but the figures do not seem 
to beai this out 

14 Lundsgaard, C Studies of Oxygen in Venous Blood I Technic and 
Results in Normal Individuals, J Biol Qiein 33 133 (Jan ) 1918 
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The relation of the total oxygen combining power of the blood, 
the color index, the hemoglobin and the blood count is shown in Table 3 
The hemoglobin content of the corpuscles in terms of the color 
index lemamed constant on the two occasions noted above, using similar 
methods 

To cairy 374 c c (the basal rate) of oxygen to the body per minute. 
It would require 1219 cc of the patient’s blood to pass through the 
heart per minute This comparatively small amount may account for 
the lack of hypertiophy of the heart 


TABLE 3 — Laboratory Data Obtained in Examination of Blood 



June 6, 1922 

June 20, 1922 

Red coll count 

9,240 (KX) 

9,640,000 

Percentages ot “normal” 

184 8% 

192 8% 

Hemoglobin (Van SljLe) 

163 0% 

170 8% 

Oxygen bound by 1(K) c e blood (saturated) 

SO 07 c C 

3161CC 

Color index 

088 

088 


SUMMARY 

1 A case of polycythemia vera with an unusually high red cell 
count IS reported Counts at intervals during three years varied from 
7,360,000 to 15.940,000 

2 A tentative explanation and correlation of some of the features 
of the abnormal physiology is given (High basal metabolism, poly- 
cythemia, high uric acid, high iron, high minute volume of air breathed, 
slow vital capacity, nucleated red cells, increased corpuscle resistance, 
prolonged coagulation time, increased volume of corpuscles, high vis- 
cosity, low surface tension ) 

3 A normal and significant endogenous source of uric acid from 
nuclear material from developing erythrocytes is outlined 

4 In the three conditions — erythremia, leukemia and pernicious 
anemia, the basal metabolic rate and the uric acid content of the blood 
are inci eased at times The diversity of the conditions and the common 
point of the destruction of nuclear material of the blood elements 
suggests a relationship between the increased basal metabolic rate and 
the uric acid production 

5 The high viscosity of the blood under conditions found in the 
extremities, and the comparatively low blood pressure suggest a local 
source of origin for the pain 

6 The depth of color is apparently independent, to a certain extent, 
of the blood count, and appears to depend on the state of the capillaries 




THE ETIOLOGY OF ACUTE INTESTINAL 
INTOXICATION IN INFANTS 


GLADYS L BO\D, MB 

TORONTO 


Acute intestinal intoxication in infants has been generally regarded 
as due to an infection The lack of any unanimity of opinion among 
workers m this field as to the responsible organism, lead us to consider 
the possibility of the toxemia being due to a chemical toxin, m the 
production of which various types of organisms might play a more or 
less important part Schloss ^ recently reported the finding of a sub- 
stance of unknown nature in the blood of cases of intestinal intoxication 
which proved to be toxic to guinea-pigs 

Starling,^ in 1902, and later Popielski,^ reported the finding of a 
toxic substance in extracts of normal intestinal mucous membrane 
This toxin, when injected into animals, caused a symptom complex 
consisting of increased peristalsis, periods of depression and narcosis, 
vasodilation, and fall of blood pressure Barger and Dale ‘ regarded 
this substance as identical with the amine base 13 imino-azolylethylamme 
(histamine) which they found in extracts of the intestinal mucous 
membrane of the ox Mellanby and Twart,® in 1912, and more recently, 
Hanke and Koessler,® demonstrated the ease with which histidin, a 
normal innocuous constituent of the intestine, could be rendered toxic 
by the replacement of an acid by an alkyl radical, as in the following 
equation, by the action of certain strains of the colon bacillus 


NH CH 


CH =■■ 
(histidm) 



NH CH 


CHs CHNHoCOOH- 


COj 


/ 


C CHs CHoNH; 


CH == N 

— imino azoljlethvlamine) 


Barger and Dale’^ found that amines were usually rendered less 
toxic by the change from an acid to an alkyl compound of the group 
Ewins and Laidlaw ® studied the fate of one amine, parahydroxyphenyl- 


* From the Wards and Nutritional Research Laboratories, Hospital for 
Sick Children, and the Department of Pediatrics, University of Toronto 

* The animals for this work were provided by the Committee for Experi- 
mental Research, University of Toronto 

1 Schloss, O M Proc Soc Exper Biol Med 18 101, 1921 

2 Starling J Physiol 28 335, 1902 

3 Popielski Arch f d ges Physiol 128 191, 1909 

4 Barger and Dale J Physiol 41 500, 1911 

5 Mellanby and Twart J Physiol 45 180, 1912 

6 Hanke and Koessler J Biol Chem 50 131, 193, 235, 271, 1922 

7 Barger and Dale J Physiol 41 19, 1910 

8 Ewins and Laidlaw J Physiol 41 78, 1910 
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etliylamme, m the body by perfusion expeiiments and found it normally 
detoxicated by the liver, uterus and heart, which converted it into 
parahydroxyphenylacetic acid 

Mellanby “ suggested that /3 iinino-azolylethylamine was the cause 
of dianhea and vomiting in children He injected the substance into 
the intestine of cats and attempted to determine what factors influenced 
its absorption Toxemia might aiise from the inci eased absorption 
of this substance from the intestine 

Rohmei and Ler y recently demonstrated an increased permeability 
of the intestinal wall to both crystalloids and colloids in intestinal 
intoxication, but considered the increase insufficient to account for the 
symptoms produced 

Our experiments were made on material obtained from cases of 
acute intestinal intoxication in infants Attempts were made to deter- 
mine the presence and nature of any toxic substance in extiacts of the 
intestinal mucous membrane, which might account for the intoxication 
The conditions under which material must be obtained in order that 
lesults will not be vitiated by the action of putrefactive organisms, 
renders it impossible to obtain a large number of cases in a short time 
The beneficial effects of exsanguination transfusion, which was 
observed clinically in these cases, suggested the advisability of the 
detei mination of the toxicity of the blood when injected into animals 
Both systemic and portal blood were used for this purpose 

1 Pi epai ation of the Extiact of the Intcstiiml Mucous Membiane 
— The gastio-intestinal tract was removed intact as soon as possible 
after death, usually within about two houi s, and never more than three 
It was thoroughly washed with tap watei and placed in the refrigerator 
for about twelve hours The mucous membiane was then scraped off 
with a sharp scalpel and ground with sea sand Dilute hydiochlonc 
acid was then added to this mass to a concentration of 0 1 pei cent 
hydrochloric acid and the whole boiled three minutes This was cooled, 
neaily neutiahzed and filtered through a Buchner funnel The filtrate 
was concentrated and filtered through a Berkefeld filter The filtrate 
obtained m this way was used for animal inoculation About 100 c c 
of extract weie obtained from each case Portions of the filtrate were 
further treated by Kutscher’s method for isolating organic bases 
Twenty per cent tannin was added drop by drop until flocculation 
occurred Excess was avoided as it rendered the filtrates turbid The 
filtrate obtained was pale yellow and water clear Excess silver nitrate 
was added m the presence of baryta water, and the resultant piecipitate 
collected and dissolved in hot absolute alcohol The alcohol was then 

9 Mellanby Quart M T 9 165, 215 1915 
10 Rohmer and Le\y Arch d med des enf 25 65, 1922 
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removed and the yellowish, slightly viscid, residue was tieated with 
saturated aqueous solution of picric acid Yellow crystals formed, 
which were dissolved m dilute hydrochloric acid, and repeatedl) shaken 
with ether to remove picric acid The ether was removed by evapoia- 
tion The crystals were yellow, serrated rhomboids, fiom 0 5 to 1 cm 
m length, which melted at from 235 to 244 C , to form red smears 
These crystals were obtained in small amounts m four out of five cases 
in which this process was carried out The crystals were later boiled 
for two or three hours in absolute alcohol, as they pro\ed innocuous 
when injected into animals without this procedure 

ANIMAL INOCULATION 

1 Extracts of IvtesHnal Mucous Membrane — To ensuie success in 
the animal experiments it proved essential to use only young animals, 
the older ones proving not susceptible to the doses which were found 
very toxic, or fatal, in the younger animals 

{a) Rabbits Doses of the concenliated extract, up to 15 c c , given 
per os failed to produce any symptoms other than slight anorexia 
Three rabbits, about 1,200 gm in weight, weie given from 6 to 10 cc 
doses of the extiact intraperitoneally Within a short time the respira- 
tory rate inci eased a little, there was evidence of circulatory failuie, 
varying degrees of narcosis and depression, and a slight inciease in 
the number of intestinal evacuations One of these rabbits became 
progressively worse and died on the fifth day Post-moitem examina- 
tion showed nothing but slight fatty changes m the liver and in the 
lenal tubules Two other rabbits were dehydrated previous to giving 
the extract The evidences of the toxemia were more marked but both 
animals recovered Three other rabbits were given 4 cc doses of 
regenerated crystals, i e , crystals obtained from the extract of intestinal 
mucous membrane which had been boiled foi a long time m alcohol 
which was then removed and the crystals dissolved m saline solution 
Four cc would equal about one-tenth of the total yield fiom an 
individual case Two of these rabbits died, following symptoms like 
those exhibited by the others, only with more marked narcosis No 
characteristic changes were seen at the necropsy 

(b) Kittens Doses of the extract up to 20 cc when gn'en pei 
os had little oi no effect on the animal Two kittens were given 10 
cc doses intiapeiitoneally Of these, one collapsed, showed circulatoiy 
failure, and died in fifteen minutes, the other showed no symptoms at 
all Intraperitoneal administration of from 2 to 6 cc doses of the 
saline solution of regeneiated crystals was followed at once by a 
typical train of symptoms, periods of depression and narcosis, anorexia, 
increased frequency of intestinal evacuation and finally convulsions and 



300 


ARCHIVES OF INTERNAL MEDICINE 


death in from two to four days The necropsies presented nothing 
distinctive, the slight fatty changes in the liver and kidney, and some 
alveolar hemorrhage being the only abnormal findings 

(r) Pigs Guinea-pigs proved not susceptible to this toxin Young 
pigs of between 300 and 400 gm weight were used, but failed to 
show anything more than a slight anorexia, even with intrapentoneal 
injections of the extract 

(d) White Mice Two cc doses of the concentrated extiact 
given intraperitoneally to four mice, proved fatal to three Almost 
immediately after the injection, general convulsions started, these 
alternated with periods of narcosis until death, in the fatal cases, and 
recoveiy in the other 

Two c c doses of saline solutions of unregenerated crystals (not 
subjected to boiling with alcohol) gnen intraperitoneally failed to pro- 
duce any symptoms at all Similai doses of the regenerated crystals 
caused death in all of oui animals that were inoculated 

2 Stool Ext) acts — Fresh stools were mixed with enough saline to 
make the total volume 100 c c , boiled three minutes, filtered with 
suction, and then through a Berkefeld filter This filtrate was used 
for injection into animals 

Rabbits fed up to 25 c c of this extract exhibited no toxic symptoms 
Doses of from 5 to 10 c c injected intraperitoneally into pigs produced 
only temporary evidences of a mild toxemia 

3 Blood Injections — Five pigs were given 5 cc doses of whole 
blood from patients acutely ill with acute intestinal intoxication All 
showed slight drowsiness and anorexia but not much more marked 
than IS sometimes noted after the administration of normal whole 
blood 

Two pigs were given 1 5 c c doses of portal blood, obtained at 
necropsy from fatal human cases Both responded almost immediately 
by severe convulsive twitchings, succeeded by drowsiness and anorexia 
and increase in the number of stools These symptoms lasted twenty- 
four hours Both animals made a complete recovery 

SUMMARY 

1 Extracts of intestinal mucous membrane from cases of acute 
intestinal intoxication in children contain a toxic substance, which, 
when injected into animals, produce a definite symptom complex, 
consisting of depression and narcosis, anorexia, circulatory failure, 
increase in the number of intestinal evacuations, and in some cases 
convulsions and death 

2 Younger animals were much more susceptible to this toxic 
substance than older ones 
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3 The toxin is not destroyed by boiling and passes through a 
bacteria tight filter 

4 Crystals lesembling those of the dipicrate of jS iniino-azolylethyl- 
amine were obtained by appropriate means, from the extracts of 
intestinal mucous membrane 

5 These crystals proved innocuous in animals until then basic 
character was restored by prolonged boiling with alcohol, when they 
became highly potent 

6 Previous dehydration of an animal rendered it more susceptible 
to the toxin 

7 Boiled aqueous extracts of fresh stools proved nontoxic when 
injected into animals 

8 Systemic -blood fiom cases of acute intestinal intoxication was 
slightly toxic when injected into animals 

9 Portal blood from patients was very toxic 

10 No distinctive pathologic findings were seen in any of the fatal 


cases 
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BOOK REVIEW 


THE PRACTICE OF MEDICINE By A A Silvkns, AM, MD, Profes- 
sor of Applied Therapeutics in the University of Pennsjdvania Qoth 
Price, $8 50 Pp 1106, with 35 illustrations Philadelphia W B Saunders 
Company, 1922 

The usual single volume standard practice of medicine must necessarily 
briefly define and describe and give the treatment of a very large number of 
diseases and conditions It is intermediary between the quiz compends and the 
larger systems of medicine, and ceitainly has great practical value for the 
student and busy practitioner This book follows the usual plan and is com- 
prehensive, concise and up to date The bibliography is incomplete and poorlj 
given, but in a work of this kind a bibliography is not essential or even neces- 
sary Large numbers of prescriptions arc given, and one questions the advisa- 
bility of this, as the exact amounts and pioportions of the ingredients might be 
thought to be indicated in each and every case Perhaps it is impossible for 
one who has written largely on the subject of materia medica to refrain from 
including such formulas The sections on tieatment maj^ be somewhat bewilder- 
ing to one seeking definite information, because of the large number of drugs 
“said to be useful ” 
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FURTHER OBSERVATIONS ON THE ROENTGEN- 
RAY TREATMENT OF TOXIC GOITER ^ 

J H MEANS, MD, and G W HOLMES, MD 

BOSTON 

contents 

I Introduction 
II Historical 

III Methods 

A Thyroid Clinic 
B Calorimetry 
C Roentgen-Ray Technic 

IV Clinical and Metabolism Data 

A Exophthalmic Goiter Early and late effects of treatment (Tables 
1 and 3 , Figs 1, 2 , 3, and 4) 

B Toxic Adenoma (Table 2, Fig S) 

V Illustrative Cases (Fig 6-15) 

VI Discussion of results 

A Reasons for believing that roentgen-ray has an action in toxic goiter 
B Types of cases suitable for roentgen-ray (Table 4) 

C Proper use to make of roentgen-ray in toxic goiter Relation to 
other sorts of therapy Results to be expected , limitations 

VH Conclusions 

I INTRODUCTION 

A Study of toxic goiter with special reference to the results obtained 
with various forms of tieatment, as shown by clinical and metabolism 
findings, was begun in this clinic in 1914 ^ The forms of treatment 
that have been studied to date are the surgical procedures of ligation 
of vessels and partial thyi oidectomy, and the exposure of the thyroid 
gland to the roentgen ray In this work there has been close coopera- 
tion between internist, surgeon and radiologist Our aim has been to 
form an unbiased opinion of the relative merits and limitations of the 
therapeutic measures under investigation 

* From the Medical Service and Roentgenologic Department of the Massa- 
chusetts General Hospital, aided in part by a gift from Dr William Norton 
Bullard 

1 Means, J H Basal Metabolism and Body Surface, J Biol Chem 
21 263. 1915 
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Several lepoits on this woik have already appeared The earlier 
metabolism data were published by Aub and Means in 1917,- and again 
m 1919,'* and by Means In 1919 Holmes and Men ill discussed the 
method of giving loentgen-ray treatment, the dangers incident to its 
use, and the selection of cases’* A fuithei report fiom the loentgen- 
ologist’s point of view was made by Holmes m 1921 “ 

Oui object now is to report m full the clinical and metabolism find- 
ings in certain cases tieated by the roentgen ray during the last three 
years, and the end results in cases studied earlier, and to discuss the 
matter of the roentgen-ray tieatment, its value and its limitations as 
we see them in the light of our experience up to the present time 

Our discussion will be based on forty-foui new cases of exophthal- 
mic goiter and fourteen cases of toxic adenoma, as well as on nine 
cases reported earlier This group does not include all patients that 
have been treated by the roentgen ray, but it does include those m which 
we feel that we have sufficient data to diaw an accuiate conclusion 
regarding the action of the roentgen ray For example, cases \Mth 
incomplete metabolism data and those in which suigical operations 
were performed coincident rvith the roentgen-iay tieatment have not 
been included The cases treated by surgeiy alone oi by surgery and 
the roentgen ray at the same time will be discussed by our surgical 
colleagues in separate papers The piesent discussion of the lesults of 
roentgen-iay theiapy should be lead in conjunction with those on 
sui gery when they appeal 

II HISTORICAL 

The discoveiy of the roentgen lay was announced by Rontgen in 
Decembei, 1895 The significance of this discovery foi medicine was 
grasped almost at once, and although at first attention was centered 
chiefly on its use foi diagnosis, we find ■within the year suggestions that 
the rays had a therapeutic application as well Loitet and Genoud," 

2 Means, J H , and Aub, J C Study of Exophthalmic Goiter from 
the Point of View of the Basal Metabolism, JAMA 69 33 (July 7) 1917 

3 Means, J H , and Aub, J C Basal Metabolism in Exophthalmic Goiter, 
Arch Int Med 24 645 (Nov ) 1919 

4 Means, J H Hyperthyroidism Toxic Goiter, M Clinics N America 
3 1077, 1920 

5 Holmes, G W, and Merrill, A S Treatment of Thyrotoxicosis by 
Means of the Roentgen Ray, J A M A 73 1693 (Nov 29) 1919 

6 Holmes, G W Some Observations on the Treatment of Hyperthy- 
roidism with Roentgen-Rays, Am J Roentgenol 8 730, 1921 

7 Lortet, L , and Genoud Tuberculose experimentale attenuee par la 
radiation Rontgen, Gaz d’hdp de Par 69 787, 1896 
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for example, believed that the}^ could attenuate experimental tuber- 
culosis infections, and Thomson ® and others noted the burning effect 
of the rays on human skin In a paper published h) Bleyer ° only two 
months after the discoveiy of the roentgen ray, we find an interesting 
prophecy that because of their resemblance to light the loentgen ia}s 
would prove to have their place in therapeutics Five months afterward 
Despeignes reported his attempts to relieve cancet of the stomach by 
the rays and, m July, 1897, Bergonie and Mongour reported their 
lesults in cases of pulmonary tuberculosis Bergonie,^- in January, 
1897, remarking on Thomson’s discovery of the roentgen-iay burn, 
predicted that further study would prove the therapeutic value of the 
rays The fiist successful therapy was probably that of Freund,^® who 
m March, 1897, repoited his observations on a case of hairy pigmented 
naevus which he had completely relieved by the rays He was led to 
try the roentgen lay in this case because of the obseivation that the 
lays apparently could cause alopecia 

We have been unable to determine beyond doubt who was the first 
to use the roentgen rays m the treatment of goiter The papei of 
Beck,^"* who in 1900 repoited some observations on cases of nontoxic 
goiter, is the earliest we have found In 1902, F H Williams 
reports that he had some encouraging results m the treatment of 
exophthalmic goiter by the rays Pusey also was among the pioneers 
in the irradiation of toxic goiter It is interesting to note that the 
loentgen rays were used m goiter earlier than in leukemia, the fiist 
obseivations in the latter disease having been made by Senn in 1903 

8 Thomson, E The Cause of Burns from Roentgen-Rays, Boston M 
& S I 135 610, 1896 

9 Bleyer, J M Crook’s X and Other Rays, a Problem Yet to be Solved 
m Therapeutics, New York INI J 63 245, 1896 

10 Despeignes, V Nouvelle observation de cancer traite par les rajons 
de Roentgen, Lyon med 82 428, 1896 , 83 550, 1896 

11 Bergonie, J, and Mongour, C Les ravons Rontgen ont-ils tine action stir 
la tuberculose pulmonaire de I’liomme, Bull de I’Acad d med Par 38 66, 1897 

12 Bergonie, I Les radiations de Roentgen et leur emploi en medicine, 
I de med de Bordeaux, 27 37, 1897 

13 Freund, L Em mit Rontgen-Strahlen behandelter Fall von Naetus 
pigmentosus piliform, Wien med Wchnschr 47 428, 1897 

14 Beck, C Beitrag 7tir Diagnostik und Therapie der Struma, Fortschr 
a d Geb d Rontgenstrahlen 4 122, 1900 

15 Williams, F H Roentgen Rats m Medicine and Stirgerj, Ed 2, New 
York, Macmillan Co, 1902 

16 Pusej^, W A , and Caldwell, E W Practical Application of Rontgen 
Rays 111 Medicine and Stirgert , Philadelphia, W B Saunders Co , 1903 

17 Senn, N Case of Spinomedullary Leukemia Successfully Treated by 
Use of the Roentgen Raj, Med Rec 64 281, 1903 
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In 1905, several papers appeared, among otlieis those by Stegmann 
and by Gorl^® The latter makes the definite statement that the 
roentgen ray has a definite action on the thyroid, but adds that further 
study Avill be needed to show in what types of goitei it should be used 
In the same year Abbe^o repoited a case of exophthalmic goiter in 
which ladium had apparently been of value 

In 1907, C H Mayo made the following statement “We also 
make use of the i oentgen ray From its known action on the lymphatics 
and the glands it exerts a favoiable effect on the overactivity of the 
thyroid in exophthalmic goiter, and in some cases seemingly develops 
something of a capsule and partially changes the charactei of the 
tumor While its effect may not be permanent, it is a valuable adjunct 
in preparing advanced cases for surgical procedure ” In the same 
year Freund concluded that “roentgentherapy fulfills the causal 
indication m exophthalmic goiter in that it causes the morbid thyroid 
to dwindle It works favorably on the body weight and on the nervous 
symptoms, and can dimmish other symptoms such as palpitation, goiter 
and exophthalmos Soft vascular goiters give the best prognosis, the 
symptoms clearing the more quickly the moie recent they are ” (Trans- 
lation ours) 

Pfahler,^® who was among the early workers in this field and also 
has kept up a consistent inteiest and study to the present time, was 
able in 1908 to collect fifty-one cases from the literature, forty-two of 
which showed good lesults after roentgen-ray treatment His con- 
clusions at that time were “1 Decided improvement may be expected 
in about /5 per cent of the cases 2 This improvement consists of an 
increase in weight and strength and gradual disappearance of Basedow 
symptoms 3 Some improvement should be noted in a month and after 
fiom six to twelve treatments 4 When the treatment is properly 
given there appears to be no dangei, and I can see no objection to 
recommending the tiial of a month in all cases ” 

^ Behandlung der Struma mit Rontgenstralilen 

Munchen med Wchnschr 52 1247, 1905 

19 Gorl, L Em neues Feld fur die Radiotherapie (Strumenbehardlung), 
Munchen med Wchnschr 52 944, 1905 

20 Abbe, R Exophthalmic Goiter Reduced by Radium, Arch Roent Ray 
9 215, 1905 

21 Mayo, C H Goiter with Preliminar 3 '^ Report of 300 Operations on 
the Thyroid, J A M A 58 273 (Feb 8) 1907 

22 Freund, R Die Rontgenbehandlung der Basedowschen Krankheit, 
Munchen med Wchnschr 54 830, 1907 

23 Pfahler, G E Summarj'^ of the Results Obtained by the Roentgen- 
Ray Treatment of Exophthalmic Goiter, New York M J 88 781, 1908 
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111 1916 Pfahler and Zulick^^ made a complete suriey of the liteia- 
ture to that date They draw conclusions similar to those of Pfahler 
eight years before Among other things they sa^ “We believe that 
the trial of treatment (roentgen ray) for one series with an intenal 
of waiting of one month is justifiable in all cases, for if opeiation is 
decided on nothing is lost and many operations in this way can be 
avoided ” They also point out that the treatment should be directed 
toward both thyroid and thymus glands, and they warn against the 
production of myxedema by too long treatment 

Of the more recent papeis w^e should like to call attention to those 
of Allison, Beard and McKinley Fischer,-® Crile and Schlecht -® 
The fiist two papers give reports of fa^orable lesults from the use of 
the roentgen ray Crile, on the other hand, concluded that it accom- 
plished nothing moie than rest alone and, theiefore, he could see no 
reason for making use of it m the management of h) perthyroidism 
There is always the dangei in the evaluation of therapeutic achieve- 
ments of a bias on the part of the observer in favor of his own pet 
method of treatment The truth in regard to the best treatment for 
exophthalmic goiter probably lies somewdieie betw^een the view^s of 
enthusiastic surgeon and enthusiastic radiologist We have made an 
honest attempt to avoid such a bias m this paper, and later on our 
thyroid committee (wdiich is described below) wall, as a whole, make 
a report which, from the composition of the committee, is bound to be 
fairly free from bias The conclusions of Schlecht seem to us to be of 
this sort They are not unlike those that we have drawm on the basis 
of our own expeiience, and aie as follows 

A cure of exophthalmic goiter in the sense of a complete restoration of the 
normal condition is not to be aimed at by roentgenotherapy, but nevertheless we 
are m a position to expect extensive improvement Unadapted for such manage- 
ment are only the severest cases, m those especially, in which there already 
exists a grave cardiac insufficiency In other respects we stand m the position 
with all cases of exophthalmic goiter, first of all to try a course of interval 
therapy in which the roentgen-ray procedure plays a prominent role, but w ithout 
the neglect of the other usual methods of treating the disease Alatenal improve- 
ment of the general condition, subsidence of the subjective nervous symptoms, 
restoration of the capacity for work, will often be achieved by roentgenotherapj 


24 Pfahler, G E, and Zuhck, J D The Treatment of Exophthalmic 
Goiter by Means of the Roentgen Ra)'s, Am J Roentgenol 3 63, 1916 

25 Allison, R G , Beard, A H , and McKinley, G A Roentgen-Raj- 

Treatment of Toxic Goiter, Am J Roentgenol 8 634, 1921 

26 Fischer, J F The Roentgen Treatment of Morbus Basedowii, Acta 

Radiol 1 179, 1921 

27 Crile, G W Surgery versus Roentgen Ray in the Treatment of 

Hj'perthyroidism, J A INI A 77 1324 (Oct 22) 1921 

28 Schlecht, H Die Rontgentiefentherapie m der inneren kledi/m 
Munchen med Wchnschr 67 800 1920 
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Among other things, objectively one sometimes sees a decrease in the eye 
signs, without, however, their entire disappearance Only in rare cases will 
the struma materially dimmish (Translation ours) 

To the literature of the calorimetry of thyroid disease we can refer 
but briefly The elevated metabolism in hyperthyroidism was discovered 
by Magnus-Levy m 1895, and during the next twenty years a certain 
amount of research was done, but it was not until after the publication 
of the surface area formula of the Du Boises in 1916 that the 
calorimetry of thyroid cases became a common clinical procedure 
Since 1916, but more especially during the last three years, an extensive 
literature on the subject has appeared The significance of basal 
metabolism as a functional test of the thyroid has been discussed 
sufficiently in other papers from this clinic 

III METHODS 

Thyroid Clinic — All patients with thyroid disease coming to the 
Massachusetts General Hospital are referred to a special thyroid clinic, 
where they are seen by members of the medical, surgical and roentgen- 
ray staff in consultation A program for the treatment of each case 
IS mapped out, and the period of treatment and study begins An 
attempt is made with all new cases of toxic goiter to start with a period 
in the hospital ward This is not always possible Special records are 
kept of the clinical condition and progress of each patient, and frequent 
observations of the basal metabolism are made The members of the 
staff holding these thyroid clinics constitute a committee for the study 
of thyroid disease As pointed out earlier, this report is meiely one 
phase of the work of this group It is published now because it seems 
sufficiently advanced to warrant certain definite conclusions These 
conclusions have been concurred in by the surgical members It is 
proposed, however, to publish later a combined opinion of the committee 
as a whole on the treatment of toxic goitei in all its aspects 

Caloumctiy — The calorimetry is carried out with apparatus of 
the Benedict type , the technic used has been sufficiently discussed in 

29 Magnus-Levy, A Gaswechsel bei Thyroidea, Berl klin Wchnschr 
32 650, 1895 

30 Du Bois, D , and Du Bois, E F Formula to Estimate Approximate 
Surface Area, Arch Int Med 17 863 (June) 1916 

31 Means, J H Studies of the Basal Metabolism in Disease and Their 
Importance in Clinical Medicine, Boston M & S J 174 864, 1916, Determina- 
tion of the Basal Metabolism as a Method of Diagnosis and a Guide to 
Treatment, J A M A 77 347 (July 30) 1921 Means, J H , and Burgess, 
H W Basal Metabolism m Nontoxic Goiter and in Borderline Thyroid 
Cases, Arch Int Med 30 507 (Oct) 1922 
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earlier papers The normal standards of the Sage Institute are used 
for compaiison with the patients’ metabolism®^ 

Method of Treatment — In treating our cases of toxic goiter with 
the roentgen ray, we have proceeded on the principle that the eftect of 
the radiation will be greater (1) the larger the amount of radiation 
absorbed, and (2) the more active and less stable the cells composing 
the gland are at the time of exposure In developing our technic we 
have kept these principles constantly m mind To obtain the largest 
possible dose without injury to the skin, we have used rays of lelativcl} 
short wave length, a long target skin distance and three or more poi tals 
of entry In the selection of cases, only those have been chosen for 
treatment which showed definite signs of glandular hyper-activity (both 
clinically and in the metabolism) 

The formula for dosage has been varied somewhat m individual 
cases, and has been changed from time to time m attempts to increase 
the effect At no tune has the accuracy in measuring the dose been all 
that could be desired Some of our failures at least may be due to 
insufficient dosage, as we have been especially careful not to produce 
a permanent injury to the skin With a probable erroi m dosage of 25 
per cent , if we continually avoid an overdose, the resulting dose may 
be sometimes as small as 50 per cent below that intended The skin 
of patients suffering from hyperthyroidism is more sensitive than the 
skin of normal persons We have found a reduction of at least 25 per 
cent necessary if reddening and tanning are to be avoided, and it has 
been our experience that even the slightest tanning may be followed 
by permanent injury to the skin, such as atrophy and telangiectasia 
Any tanning or reddening, therefoie, must be avoided in all but seveie 
cases in old women and m men 

The effect of the radiation is undoubtedly increased by lepeating 
exposures, and if the exposures are given oftener than once m three 
weeks the effect is cumulative 

Taking advantage of this fact, we have tried following the original 
dose by fractional doses sufficient to keep the tissues saturated, but in 
the small number of cases tried, we have not observed any improvement 
over the usual method of exposure Whatever the method employed 
IS, It IS not advisable to continue the treatment beyond five montlw 
unless very definite benefit has been obtained 

32 Means, J H Studies of the Basal Metabolism m Obesit} and Pituitarv 
Disease, J M Research 32 121, 1915 Means, J H , and Woodwell M \ 
Remarks on Standards for Normal Basal Metabolism, Arch Int Med 27 608 
(May) 1921 

33 Aub, J C, and DuBois, E F The Basal I\Ietabolism of O’d Men, 
Arch Int Med 19 823 (June) 1917 
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In the majority of cases reported m this paper, the exposures have 
been made at 8 inch target skin distance, using a Coolidge tube 
energized with a lectified curient of a voltage capable of breaking an 
8 inch air gap between blunt points The rays have been filtered 
through 4 mm of aluminum and one thickness of sole leather The 
exposure time and the number of milliamperes passing through the 
tube are varied somewhat, but their product has been kept fairly con- 
stant, from 35 to 40 milhampere minutes being the usual exposure 

For the past year, we have not given any treatment of less than 10 
inch target skin distance, and have given several at from 12 to 16 inch 
distances This increase of distance, of couise, lequires a correspond- 
ing inciease in time of exposure Three areas are exposed, one on 
each side of the neck over the thyroid region, and one over the upper 
pait of the sternum m the region of the thymus The size of the areas 
exposed has varied considerably but has usually been a square with 
a diametei of about 3 inches 

Recent studies by Fiiedrich,^^ Duane and others ha^e shown that 
increase in the size of the area exposed increases to a considerable 
extent the effect of the radiation m the deep tissues, because of the 
amount of secondary ladiation produced Ignorance of this fact, and 
failure to keep the size of the radiated fields uniform, may have 
resulted m variation of doses At present, we are using a measured 
field 

As already indicated, the interval between treatment has usually 
been thiee weeks Any shortening of this period is likely to produce 
tanning and should be avoided, except m selected cases 

At each treatment, a piescription indicating the various factors from 
which the dose is computed is written and signed by the physician in 
charge of the treatment The actual giving of the treatment is done by 
graduate nurses especially tiained in roentgen-ray technic In this way 
a double check is kept on the dosage Wooden tables are used to avoid 
danger from electric shock, and all paits of the patient’s body are pro- 
tected, except the part being treated, from scattered lays by ray 
proof cloth 

IV PRESENTATION OF DATA 

As we have indicated earlier, this study is based on two groups of 
cases One group comprises those cases treated within the last three 
years , the other group consists of cases treated before the war The 

34 Friedrich, W , and Kroenig, B (Translated by Schmitz) Radiation 
Therapi Ed 2 New York, Rebman Co , 1922 

35 Duane, W Personal communication 
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foimer will serve for an analysis of the early eftects of roentgen-ra\ 
therapy, the latter for a study of end results 

The data on both groups is given in Tables 1, 2 and 3, the data of 
the recent group being given in Tables 1 and 2 

To visualize the progiess of the disease, charts aie rathei more easv 
of interpretation than tables We cannot take the space to gne the 
individual charts of all our patients A study of certain composite 
chaits, however, may serve a useful purpose We will present these 
fiist and then discuss ceitain individual cases to illustiate special points 
The Recent Series E\ophthalmic Goifo — Of oui fifty-eight 
new cases, foity-four weie cases of exophthalmic goitei and fourteen 
were cases of adenoma with hyperthyroidism (toxic adenoma) It \m11 
be best to examine these separately 

Of the forty-four exophthalmic goiter cases, sixteen showed little 
or no improvement, eight of these came to operation later and weie 
apparenti)'- cured Of the twenty-eight cases m which there was 
improvement, tw'^elve w^ere apparently cuied and sixteen were impioved 
but -were not rendered entirely fiee fiom hyperthyroidism No cases 
seemed to be made tvorse by the treatment Twm patients wdio w’-cie 
improved but not cured were latei subjected to opeiation One of these 
patients died followang operation So fai as w'e know she is the onlj 
patient out of the fifty-eight under discussion wdio has died 

An impression of the usual effect of the roentgen lay in those cases 
of exophthalmic goiter in wdiich it has any demonstrable effect (64 pei 
cent of the cases in the present senes) can be obtained fiom a stud)" of 
composite chaits In Figuie 1 we have shown the composite metabol- 
ism, pulse and w^eight curves of the tw"enty-eight patients W"ho 
improved It wall be noted that theie is a lapid fall m pulse (from 
115 to 89) and basal metabolism (from -|- 55 to -j- 21 per cent ) and a 
coi responding gam in weight (9 per cent ) in the first four months of 
treatment, during which time the patients received, on the aveiage fi\e 
tieatments No further significant drop m pulse oi metabolism curves 
occurred m the next six months, in spite of more treatment In the 
second yeai there was a slight diop 


36 In this paper, as in the previous papers by Means and Aub,' ° * the cases 
are referred to by their laboratory numbers In the paper by Holmes,® howe\er, 
they are referred to by the roentgenologic department numbers So that the 
reader may identify the cases that appeared in Holmes’ paper and in this paper 
the following key is given 


Laboratory No 
224 
566 
734 
623 


Roentgenologic No 
3646 
3763 
3923 
3933 


Laboratorj No 
819 
621 
57S 
348 


Roentgenologic No 
3993 
3611 
3869 
3740 



TABLE 1 — Data on Exophtii \lmic Goiter Cases 
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TABLE 1-Data on Exophthalmic Goiter Casks— (Continued) 
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TABLE 1 Data on Enophthalmic Goitpr Cases — {Continued) 
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■Data on Toxic Adenoma Cases 
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This chart is made in a somewhat peculiar way We wished to get 
all available cases into the early portion of the curve, but it will be noted 
that some drop out from time to time, so that fewer cases were used 
in the later than m the earlier portion of the curve 



Fig 1 — In this and in all the other charts, the perpendicular rulings are 
at intervals of one month The solid black line denotes basal metabolism (per 
cent variation from Sage Institute standards), the interrupted line represents 
the pulse rate, and the dotted line represents body weight In Figures 1 to 5 
the weight is expressed m per cent of the initial weight which is taken as 100 
pel cent Figures 1 to 5 are composite, the remaining figures are individual 
charts Roentgen-ray treatments are denoted by X Activity m Figures 1 to 5 
IS shown in the following manner 1, denotes complete rest in bed, 2, partial 
rest , 3, following usual occupation For the composites these figures for all 
indn iduals composing the composite are averaged 



Figure 2 


To answer what might be an objection to this method of charting, 
we have in Figure 2 shown the composites of the eleven cases in which 
our data run through twenty months It is interesting to note that this 
chart IS nearlj’’ identical with the first The drop in this instance in 
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Exophthalmic goi ter Composite chart of 5 cases receiving 7or Less Treatments 
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12 12 12 II IB II 10 9 9 


MONTHS! I 2 3<?-56789IOII I2I3I4I5I6I718 19 




































324 


ARCHIVES OF INTERNAL MEDICINE 

four months is m the pulse, from 113 to 89, and in the metabolism, 
from -f 56 to + 24 per cent The weight increase was 8 per cent A 
further drop of 2 or 3 points occurred in the fifth month, and then 
there is the same plateau seen in Figure 1 

To get some idea of the relation of the number of treatments to the 
effect, we have separated the cases shown in Figure 2 into a group 
(Fig 3) of patients receiving seven treatments or less, and those (Fig. 
4) receiving nine treatments or more 

Both these charts are similar in general contour to the previous 
ones The cases averaged in Figure 3, receiving the smaller number of 
treatments, are not unnaturally the milder ones In this group the 
pulse and metabolism both assume normal levels at the end of four 
months, the former falling from 107 to 75 and the latter from + 43 
to + 7 per cent Furthermore, the)^ stay at these normal levels through 
the twentieth month 

In the more severe group, shown m Figure 4 and receiving more 
treatment, there are similar drops in pulse and metabolism curves and 
rise in the weight curve The drops in the first two, however, do not 
bring them by any means to a normal level , the pulse falls from 118 to 
97 and the metabolism from + 68 to + 34 per cent in the first five 
months From then on, through the next fifteen months, there is only 
a further drop of 10 points in pulse and metabolism in spite of con- 
tinued roentgen-ray treatment 

Recent Series Toxic Adenoma — ^Turning now to the cases of 
toxic adenoma we find that all the patients showed improvement with 
roentgen-ray therapy and five were apparently cured The composite 
curves are shown in Figure 5 The character of the curves is quite 
different from that of the exophthalmic goiter patients The drop in 
pulse and metabolism is far more gradual So, too, is the gam in 
weight Nevertheless, in the group as a whole a normal pulse and 
metabolism level is finally reached 

Prewar Series Exophthahmc Goitei — In the report published 
in 1919 by Means and Aub ® were given the data on fifteen patients 
with exophthalmic goiter treated by roentgen ray alone We have 
attempted to get end result data in all of these cases Three patients 
have been lost, three have died, the remaining nine have been to the 
laboratory this spring (1922) 

A summary of the data already published for these, together with 
the data just received, is given in Table 3 

It will be noted that six of the nine patients have normal metabolic 
rates five or six years after their first treatment , another has a slight 

M Two cases in Table 2 are not included in the composite because of 
insufficient data (Cases 26 and 440) 
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elevation^ -f- 15 per cent She, however, had no clinical s}mptoms or 
signs and like the six with normal rates was apparentl} in good health 
Two others still had elevated metabolism and chnicall}^ v ere bcttei but 
not well Both patients had been advised to submit to an operation m 
1919 but had refused 

V ILLUSTRATIVE CASES 

We have previously emphasized the impoitance of the chart m 
following the progress of toxic goiter or myxedema,-- and pointed out 
that with the patient with thyroid disease the clinical chart serves the 
same purpose that it does in the fever patient In thyioid disease, 
however, we plot not pulse, temperature and respiiation, but metabol- 
ism, pulse and weight 


TABLE 3 — Data on Cases Previously PunLisHLo 
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We cannot conveniently give the charts of the fifty-eight cases in 
the present series, certain of them have appeared elsewhere,^- 
others we will give now, and for the remainder the reader is referred 
to Tables 1 and 2, which contain all the essential data, though not in 
graphic form 

The charts shown here are chosen to illustrate certain type reactions 
and special points 

We will discuss, first, the findings in three patients who responded 
very favorably to roentgen-ray therapy 

REPORT OF CASES 

Case 376 — Mrs R N, a Jewess, aged 27, had had toxic symptoms for one 
year and a goiter for four months The symptoms began after an attack of 
influenza She had had no treatment previous to her first Msit to the hospital 
She had slight, but definite, eye signs, slight soft symmetric enlargement of the 
thyroid with bruit, and a slight tremor It was felt that she had typical but 
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not more than moderately severe exophthalmic goiter She has received no 
treatment except nine irradiations She has even kept at her usual mode of 
life — housewife — and has done her work as usual 

Her chart is shown in Figure 6 Her metabolism began to drop after four 
treatments and reached normal after nine The curve staged at the normal 
level for the next eighteen months, and she has been relieved of all symptoms 
To date, it seems to be a complete cure 

Case 803— Miss P S, graduate nurse, aged 35 Trouble began six months 
before we saw her After getting very tired physically, she developed palpitation, 
marked asthenia and weight loss She had slight but definite eye signs, slight 
fulness of the thyroid without bruit, slight but definite tremor and warm moist 
hands A diagnosis of exophthalmic goiter was made and she was started on 
roentgen-ray treatment The chart is shown in Figure 7 She gave up her work 
for the greater part of a year, but in other respects was reasonably active The 
only treatment was the roentgen-ray As the chart shows, metabolism and pulse 



Fig 6 — This chart and Figures 7 to 14 inclusive are constructed like the 
preceding composites, except that body weight is given in kilograms, and activity 
is shown by shading instead of by numbers , full black = rest in bed, half black 
= partial rest, all white == usual mode of life 

curres reached an essentially normal level in six months and have stayed so 
for ten months more She has been back at work for four months without 
ill effect Her work is caring for a psychopathic patient and is not eas 3 ^ 

Case 802 Mrs F S , a Jewess, aged 26, who for eighteen months had 
exophthalmos, thyroid enlargement and the classical symptoms of hyperthy- 
roidism She had had no treatment when we first saw her A diagnosis was 
made of exophthalmic goiter of moderate severity, and a course of roentgen-ray 
treatment prescribed She came into the hospital for a fortnight Her roentgen- 
ray treatment was started and then she went home and led her usual life The 
chart (Fig 8) shows a rapid fall in metabolism and pulse, reaching normal 
in four months, and a marked gam in weight The high result of July 21, 1921, 
uas at a time when she was starting a pregnancy Seen again Nov 2 1921 
she was five months pregnant, her metabolism was normal, and everything was 
going smoothly We heard from her when nearly full term (March 15, 1922), 
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Fig 7 — The solid line indicates basal metabolism , interrupted line, pulst rate 
dotted line, body weight Activity is shown bv shading , solid black scju ires 
indicate rest in bed, half black squares, partial rest, white squares, usual 
mode of life 



pjg 8 — The solid line indicates basal metabolism, interrupted line pulse rate, 
dotted line, body weight Actnity is shown In shading, solid black squires 
indicate rest m bed, half black squares, partial rest, white squares, inual 
mode of life 
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and there were still no symptoms referable to hyperthyroidism Her baby was 
born at full term on March 27 , normal delivery On May 10 she was clinically 
well and had a normal metabolism 

The next three cases illustrate improvement under roentgen-ray 
treatment followed by relapse The first portion of the story and the 
charts of two of the patients were published a year ago (June, 1921) 
The events which have occuried since then m each case are instructive 
and make it seem worth while to republish the charts, bringing them 
up to date 



Fig 9 — The solid line indicates basal metabolism, interrupted line, pulse rate, 
dotted line, body weight Activity is shown by shading, solid black squares 
indicate rest in bed, half black squares, partial rest, white squares, usual 
mode of life 

Case 319 Miss ETC, aged 38, with a recent and mild form of exoph- 
thalmic goiter The chart as shown a year ago showed a steady improvement 
and return to normal under roentgen-ray treatment alone up to the fourteenth 
month An observation in the twenty-first month, however, showed a rise 
The remark was then made, ‘ This rise may or may not be of importance But 
it illustrates the usefulness of the chart, for it puts us on our guard 

against a possible relapse which we might have missed on the basis of the 
clinical picture alone, for there were no symptoms at that time The chart 
given now (Fig 9) shows that the relapse did materialize, though it was a 
mild one, and that it is again being controlled by roentgen-ray treatments 
Case 603 Miss M M The chart of this patient when first published 
showed the events of a year Now we add a second year This patient has 
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always been somewhat atypical, probably a case of exophthalmic goiter, hut 
never showing any eye signs She responded veil to roentgen-ra} trcatmciit hut 
relapsed Last year the remark was made, "A second course of rocmgtn-rn 
treatment seems to be relieving this (relapse) much as it did m the flr^t 
instance” This statement proved to be unduly optimistic, as is shown m 
Figure 10 A third course of treatment was necessary, but seemed to hi\t 
the desired effect She is at last apparently well and has been w'orking foi 
three months 

Case 411 — Mr A S , a business man, aged 39 years, showed a rapid improic- 
ment with loentgen-ray and then a slight relapse In November, 1919, he 
consulted Dr Edsall, who found that he had typical exophthalmic goitci oi 
moderate severity The symptoms had been present for but three months at 
that time His chart is shown in Figure 11 After the third rocntgcn-r<i\ 
treatment he showed a marked clinical improvement, fall m pulse and mct.ih- 
olism and gam in weight When seen Oct 22, 1920, he had a slight return 
of symptoms and an elevation m metabolism This observation was obtained 



Fig 10 — The solid line indicates basal metabolism in*crruptcd hue, pulse rate , 
dotted line, body weight Activity is shown by shading, solid black squires 
indicate rest m bed, half black squares, partial rest, white squares, usual 
mode of life 

howeier, at the end of a spell of eery hot w'cathcr which had used him ii]) a 
good deal Jan 15, 1921, after two more roentgen-ra} treatments, he was much 
better and had returned to w'ork May 1, 1921, there w'as again an increase 
m metabolism and slight return of symptoms This was during hot spring 
weather The last observation was made April 29, 1922 lie had worked all 
winter and considered himself well, except that he still gets tired rather easily 
The exophthalmos, the goiter and the tremor had disappearea, and the heart w i- 
normal 

Case 591 —Miss R F, aged 22, with a recent (three months) and mild 
type of exophthalmic goiter, sliow^ed no consistent improiemcnt with the 
roentgen-ray Her chart is shown in Figure 12 A slight drop m puFe and 
metabolism and slight gam in weight, together with a little cimptomatic 
improvement, occurred after four rayings but at the end of the eighteen 
months she was no better thsn Et the start although she had had a tot d of 
thirteen treatments This was a definite failure of rocntgen-r<i\ Ircilmcnls 
We advised her to ha^e an operation and she went to Dr Frank II Lahc\, 
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who operated Jan 27, 1922, she wrote us that she was very much improved 
following the operation 

Case 633 —Mrs M M , aged 37, had an adenomatous goiter with hyper- 
thyroidism She had had symptoms of hyperthyroidism for two years when 
we hrst saw her Her chart (Fig 13), shows that a first course of treatment 
caused some improvement Then there was a slight relapse, but a second 
course brought about an essentiallj normal state and at the same time the 
goiter disappeared 

Of the prewar senes there are two cases m which the recent events 
are sufficiently interesting to deserve individual note The early his- 
tones of both of these have already been published ® 

Case 48 —Mrs E N , aged 30, had had exophthalmic goiter for four and a 
half years when she first came to us The chart as originally published shows 
a drop m metabolism of about 20 points coincident with rest in bed and the 



Fig 11 — The solid line indicates basal metabolism , interrupted line, pulse rate, 
dotted line, body weight Activit}' is showm by shading, solid black squares 
indicate rest in bed, half black squares, partial rest, white squares, usual 
mode of life 

first two roentgen-ray treatments There was then a period of four months 
in which there was no treatment but partial rest She gained some w'eight and 
her pulse fell somewhat, but her metabolism showed no drop She resumed 
her work (housewife, family consisted of husband, two children, sister and 
sister s child) After four months of this a further gam in w'eight but no 
change in metabolism and a slight gain in pulse More vigorous roentgen-ray 
treatment was then started and with no other change there was a gradual 
improvement, with fall in pulse and metabolism which extended over a period 
of SIX months Two years later she was clinically much better but wnth a 
metabolism elevation of + 25 per cent She reported again in December, 1921, 
in response to a letter The metabolism now was -b 15 per cent and she was 
clinically well The most interesting feature of this case is the prompt fall 
in metabolism and pulse coinciding with the resumption of roenlgen-ray 
treatment 

Case 33— Mr B S, was a Jewish barber, aged 24 The last published 
note in his case is as follows “This case illustrates as well as any we have a 
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very toxic type of exophthalmic goiter, with steady impro\cmcnt and uliinntc 
complete recovery following essentially no therapy whatc\cr bcjond six rocntgcn- 
ray treatments” The events subsequent to the time this note was made (M.n 
1919) are interesting 

May 16, 1921, he reported of his own accord and said that for six months 
he had been feeling weak and rather dopey, though he had kept at his work 
The clinical picture was the classical one of myxedema The mctabohsm was 
— 20 per cent He was started on thyroid, Avliich quickly controlled the s\mptoins 
and brought the metabolism to a normal level The progress and dosage oi 
thyroid is shown in the chart The last observation wdiich show s a drop to — IS 
per cent was after he had been off thyroid for about ten dajs because of his 
being in the Massachusetts Charitable Eje and Ear Infirmary for the rcIno^al 
of a small fibroid tumor of the vocal cord 


1 Case No. 591 >lisslR.F. ARe 22 
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Fig 12— The solid line indicates basal metabolism , interrupted line, pulse rate , 
dotted line, body weight Activity is shown by shading, solid black squares 
indicate rest in bed, half black squares, partial rest, white squares, usual 
mode of life 

VI DISCUSSION 

The objects we had in mind in undertaking this leseaich were to 
find out wdiether roentgen-ray therapy in toxic goiter did ain good or 
harm, and, if the former, whether it \\ orks in all cases, w hat the manner 
of Its action is and wdiether the effect is permanent , also to disco\ er 
if possible m what ttpes of cases it itorked best, protided an\ CMdcncc 
was secured of its ivorking at all 

The data piesented here, \ve believe, tlirow light on some of the=e 
problems In the first place, in the recent senes theie were two out 
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of three patients with exophthalmic goitei who showed a notewoithy 
fall in pulse and metabolism coincident with exposure of their thyroid 
and thymus glands to the roentgen ray This has led us to believe that 
111 these cases the roentgen ray had a beneficial efifect Plummei has 
objected to this conclusion on the basis that the natural course of 
exophthalmic goiter is a most uneven one and that improvements and 
relapses may occur at any time spontaneous!)’' Therefore, he felt that 
our data proved nothing regarding the effect of the roentgen ray He 
may be right He remaiked, and we deplore, the lack of control cases 
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Fig 13 — The solid line indicates basal metabolism , interrupted line, pulse rate , 
dotted line, body weight Activity is shown by shading , solid black squares 
indicate rest in bed, half black squares, partial rest, white squares, usual 
mode of life 

But until someone produces a satisfactory experimental exophthalmic 
goiter, controls will only be secured by chance It is not permissible 
deliberately to withhold treatment from a gioup of patients with 
exophthalmic goiter foi the sole purpose of accumulating scientific 
facts, nor would any but the very exceptional patient permit it should 
the attempt be made 

Until the study of exophthalmic goiter can be made experimentally, 
then, we shall have to get along without untieated contiols, and glear 

38 Plummer, H S In discussion of present paper when it was read in 
abstract before Association of American Physicians, Mav 1922 Tr Ass Am 
Phys , 1922 ’ ’ 
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what information we can by the methods open to us This difficulty 
applies to the study of many clinical problems It is b} no means con- 
fined to exophthalmic goiter Does the dietetic treatment of peptic ulcer 
do any good? Nobody knows m Plummer’s sense Patients with 
peptic ulcer get well with no treatment sometimes, just as exophthalmic 
goiter patients undoubtedly do m some instances 

If we accept the theory that the symptoms manifested in hyperthy- 
roidism are due to increased activity of the cells composing the thyroid 
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Fig 14 — ^The solid line indicates basal metabolism, interrupted line, pulse rate, 
dotted line, body weight Activity is shown by shading, solid black squares 
indicate rest in bed, half black squares, partial rest, white squares, usual 
mode of life 


gland, then the application of any method of treatment which is known 
to inhibit or destroy cell function would be rational 

What, if any, evidence have we that m the roentgen ray we have 
such an agent? 

It has been repeatedly shown by laboratory investigations that if a 
living organism be exposed to irradiation, retardation of growth, inhi- 
bition of function and death to the organism will take place, and that 
this change will be dependent on the amount of radiation absorbed, the 
character of the cells rayed, and the conditions to which they are sub- 
jected before and after irradiation 
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Schwartz®'’ found that if he radiated dry vegetable seeds no -vana- 
tion whatever from the normal could be produced m the development 
of the plant The cells of the germ m the dried state, with their 
metabolism reduced to a minimum, are not affected by irradiation 
But, if thiough the addition of water the metabolism is stimulated and 
the seed germinates, it then becomes highly sensitive to radiation This 
sensitiveness of the cell is in proportion to its metabolism He also 
found that the sensitiveness of the plant diminishes with increase m 
age, and is slightly, if at all, affected at maturity Similar experiments 
with lower forms of animal life have given similar results From 
investigations of this kind and his own studies Bergome was able to 



Fig IS — In the right hand portion the dose of thyroid given during the 
period of myxedema is shown by width of shading 


formulate laws governing the sensitiveness of cells to radiation, and 
he states that the roentgen ray acts more intensively on the cell the 
greater its reproductive capacity, the longer its karyokmetic stage and 
the less its morphology and its function, except the power of repro- 
duction, are definitely fixed The first of these laws is by far the most 
important All active cells are highly sensitive to radiation Every 
cell of whatever kind it may be becomes less resistant to radiation as 
soon as it becomes active 

39 Schwartz Quoted by Wetterer, I, in Handbuch der Rontcen und 
Radium Therapie 1 373, 1919 
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In the field of clinical investigation, there is also abundant evidence 
that glandular function is especiall}'' sensitive to radiation About one- 
fifth of the dose necessary to produce slight reddening of the skm if 
absorbed by the ovaries will cause cessation of the menstrual flow, and 
a similar dose to the testicles will cause the disappearance of the 
spermatozoa from the seminal fluid A dose well below that, sufficient 
to cause injury to the skin, will stop the flow of saliva from the parotid 
gland Slightly larger or lepeated doses will cause any of these glands 
to become permanently atrophied Furthermoie, it has been observed 
that there is an increased sensitiveness in certain tissues in the young 
which lose their sensitiveness in the adult Also, an increased sensitive- 
ness may occui in tissues foimerly less sensitive as soon as they begin 
to proliferate, as foi example, the sensitiveness of the lacteal gland at 
the beginning of pregnancy compared with its low sensitiveness before 
conception, oi at the height of its development 

From these observations, taken from many fields of investigation, 
it would seem that we have ample justification for supposing that the 
hyperactive thyroid would be favorably affected by radiation, and that 
this effect could be obtained with a dose well below that sufficient to 
cause injury to the overlying skin It also becomes evident why the 
normal gland tolerates a much larger amount of radiation than the 
pathologically active one, and explains the failure to produce myxedema 
in animals except when using doses large enough to produce definite 
injuries to the glands and surrounding tissues 

Fiom the clinical point of view we believe that data of the sort 
we have presented here are very highly suggestive, if not positive proof, 
of a beneficial effect of the roentgen ray m the majority of cases oi 
exophthalmic goiter It would be a very remarkable coincidence li 
we chanced to start roentgen-ray treatment in two out of three cases 
just as they were about to begin a rapid spontaneous drop It is possi- 
ble, but not probable One can say positively, at any rate, that in two 
out of three of our cases there was improvement coincident with the 
inauguration of roentgen-ray treatment 

The rapidity of the drop is greater in the recent than in the prewar 
series This very likely is due to incomplete dosage m certain cases 
of the earlier series, and sometimes to greater intervals between 
treatments 

If the roentgen ray has an effect, and if it fails to act m certain 
cases, the next problem becomes one of finding the type of case that 
will respond or fail to respond With this in view we have made a 
survey of the severity, duration and age of the forty-four patients with 
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exophthalmic goiter who comprise our lecent series The average age, 
duration and metabolism (before treatment) of several subgroups is 
shown in Table 4 

This table would seem to indicate that neither the age of the patient 
nor the intensity of the hyperthyroidism as shown by the level of the 
metabolism is a factor m determining the success or lack of success 
of roentgen-ray treatment The average length of the disease in the 
group that showed improvement was about seven months greater than 
that of the group that showed no improvement It might be argued, 
therefore, that the former were more nearly at the point when spon- 
taneous recovery might be expected to occur than the latter The 
duration of exophthalmic goiter is given by different authors as from 
six months to several years Cases running a spontaneously abortive 
course lasting but a few months may occur, but they are not the rule 
It is also worthy of note that out of the twenty-eight improved cases 
there were eight in which the disease had lasted but six months or less 


TABLE 4 — Averages for Exophthalmic Goiter Patients 


Cases 

1 

Basal 

[ Metabolism 

i 

i Duration of 

: Disease Years 

Age of 

Patient 

Aver 1 
age 1 

Maxi 

mum 

Mini- 

mum 

Aver- 1 
age 


Midi { 
mum : 

Aver 

age 


Mini- 

mum 

16 unimproved 

52 

85 

21 

14 

mS 


36 

62 

22 

28 improved I 

55 

J>7 

32 

20 i 

10 0 


34 

53 

17 

12reco\ered* 

51 

83 

32 

1 20 ' 

50 


33 

53 

17 

7 relapsing* 

61 

1 

37 

15 

1 

80 


30 

44 

17 


* Included in the group of 28 improved cases 


at the time roentgen-ray treatment was started In spite of the short 
duration of the disease, they all showed a definite drop with the roentgen 
ray, nor were they cases of a particularly mild type — the average 
metabolism of the group before treatment being + 55 per cent and 
four months later -f- 17 per cent If the improvement following 
roentgen-ray treatment is not the result of the treatment but the mere 
natural course of the disease, one would expect to find certain cases 
getting progressively worse during treatment, but, as a matter of fact, 
we do not find such 

Another point which is strongly suggestive that the roentgen ray 
has a definite action on the thyroid is the development of myxedema 
Two of our exophthalmic goiter patients, as has been reported else- 
where,®^ developed the classical picture of myxedema within the first 
four months of vigorous roentgen-ray treatment Both were restored 
to normal levels by thyroid and in both thyroid was later discontinued 
without a return of the symptoms Their thyroids were temporarily 
depressed apparently, not permanently as in spontaneous myxedema 
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Another patient developed myxedema eighteen months after roentgen- 
ray treatment This was a case of toxic adenoma A fourth developed 
It five years after It is more difficult to ascribe the effect in the last 
two cases to the roentgen ray, but the first two cases are highly 
suggestive 

While untreated control cases are lacking in this series, we have in 
a few cases a control period That is to say, metabolism observations 
were secured over a considerable period before roentgen-ray treatment 
was started This occurred m Cases 48, 456, 628 and 909 In each 
of these, directly coincident with roentgen-ray treatment, there was a 
rapid improvement, although they had been stationary before, and 
with the addition of no new factor but the roentgen lay This evidence, 
too, we believe suggests strongly that the roentgen ray has an eftect 

The results of treatment of exophthalmic goiter as we see them 
now are in brief these In about two thirds of the cases the inaugura- 
tion of vigorous roentgen-ray treatment is followed by a progressive 
improvement, as shown by clinical signs and by the behavior of pulse, 
metabolism and body weight This continues for from four to five 
months, during which time about five suberythema doses of roentgen 
ray are given to the thyroid and thymus This improvement may go to 
the extent of recovery or may fall short of that When the latter, 
continuation of the roeiitgen-ray treatment seems to be of but little 
value On the other hand, certain cases that show a marked improve- 
ment may later, after the cessation of roentgen-ray treatment, have a 
return of the hyperthyioidism, in these cases a second course of treat- 
ment not infrequently is accompanied by a second rapid improvement 

In other words, the data presented here indicate that the beneficial 
effect of roentgen ray, if there is to be any such, should be obvious 
during the first four or five months of treatment It would seem there- 
fore that the roentgen ray is a useful therapeutic agent in the manage- 
ment of exophthalmic goiter, but it is by no means an ideal one 
Patients who do not respond to the roentgen ray in 4 or 5 months, 
and those who, although improved, still remain somewhat thyrotoxic 
at the end of that time, should be given the benefit of suigery Our 
conception of the proper way of using the roentgen ray m exophthalmic 
goiter IS that m most cases it should be given a trial with the idea that 
it may effect a cure, or if not, that it may, through reducing the degree 
of hyperthyroidism, make the patient a better operative risk 

Of course, it may be asked why, if the roentgen ray has no effect 
in certain cases, should it be used m any case^ Why should not all 
patients be subjected to operation at once^ The obvious answer to this 
IS that m spite of the remarkable success of modern operative pro- 
cedures m the hands of specially skilled surgeons, there still remains 
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a definite mortality This mortality, we believe, can be reduced or 
abolished by not resorting to surgery at once m every case, but by 
making use of the roentgen ray first, partly because we believe that by 
such a program some patients may never need operation, while others 
will be in better shape to stand it at a later date because of their 
previous irradiation 

Neither roentgen ray nor thyroidectomy is an ideal method of treat- 
ment, for neither in all probability attacks the cause of the disease 
The cause of exophthalmic goiter is entirely unknown, but it is probable 
that it does not originate within the thyroid Nevertheless, the resulting 
phenomena in the patient, and the ones from which he needs to be 
protected, are directly due to the ovei activity of that gland Until the 
cause of the disease is known, therefore, and some agent found which 
can directly combat that cause, it is reasonable to continue to attack 
the thyroid The surgeon seeks to do this by the removal of a portion 
of the gland The radiologist tries to destroy some of the tissue in 
situ The object is the same, the agent used differs Neithei agent 
IS entirely satisfactory, each may be used to supplement the other 

In the past we have sometimes persisted with the roentgen ray over 
long periods and given large numbers of treatments, although the 
patient showed little or no improvement In view of such experience, 
we now feel very definitely that this is an undesirable thing to do The 
roentgen ray in time seems to lose whatever effect it may have on the 
thyroid, just as it does ultimately on the leukemic spleen When it 
ceases to produce improvement in exophthalmic goiter, it should, in 
our opinion, be abandoned and thyroidectomy substituted in those cases 
in which a thyrotoxicosis persists Every patient with exophthalmic 
goiter should be made the subject of individual study, and the vaiious 
therapeutic measures at our disposal should be used alone or combined 
as that particular case may demand 

In the matter of toxic adenoma, the problem is altogether different 
In that disease the cause appears really to lie within the thyroid, in the 
adenoma in fact The surgical removal of the tumor cures the disease 
There would seem, therefore, not to be the same desirability for pre- 
liminary roentgen-ray treatment We have used the roentgen ray, 
therefore, in this disease only with patients who have refused operation 
Nevertheless, it is interesting to note that they, like those with exoph- 
thalmos, show improvement In fact, all fourteen of our cases so ti eated 
improved In four cases the improvement was slight In five it was 
maiked, and m fire there was a cessation of all signs and symptoms 

40 Plummer, H S Interrelationship of Function of the Tliyroid Gland 
and of Its Active Agent Th 3 Toxin in the Tissues of the Body, TAMA 
77 243 (July 23) 1921 
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of tliyrotoxicosjs In six cases the goitei disappeared duiing the 
treatment The fact that cases of toxic adenoma improve while under 
roentgen-ray treatment, as well as cases of exophthalmic goiter, is, ^^e 
believe, strong evidence that the effect is really the lesiilt of the irradia- 
tion, for the course of toxic adenoma untreated is continuous One 
does not expect spontaneous 1 emission of the sort found m exophthal- 
mic goiter 

It has been oui object ever since this research was started to follow 
0111 patients for a long period of time We have been foitunate in 
being able, m a numbei of instances, to secure data extending ovci a 
peiiod of several years In dealing with a disease like eitliei of the 
varieties of toxic goiter, the real benefits of treatment can only be 
evaluated pioperly by studying the late results It was with this ideal in 
mind that we have introduced in the piesent papei recent data in cases 
pieviously published The larger series of the last thice yeais which 
has formed the basis of the above discussion will serve well to illustiate 
the immediate lesults of loentgen-iay treatment, but the smallei prewar 
series will show the results from five to seven years after tieatment 
Seven out of fifteen patients in that group treated solely by the roentgen 
ray m whom theie was originally apparent recovery, have remained 
well Crile has said that the loenlgen lay does not control exophthalmic 
goitei , that it may produce great benefit but with recrudescence, as a 
rule This has not been our experience Recrudescence may occui , 
but It IS not by any means the rule 

Effect of Rest — In ascribing improvements in any disease to a cer- 
tain therapeutic agent it is always easy to overlook the factor of rest 
This is particularly true of exophthalmic goiter There is no question 
that complete rest alone is often accompanied by a decrease in the degree 
of hyperthyroidism We have indicated in our charts and tables to 
what extent rest may have been a factor in the cases under discussion 
It seems to us that it is a minor one Not a few patients showed the 
characteristic improvement with no rest at all 

Focal Infection — ^The matter of focal infection has been given 
consideiation in oui clinic We have made it a practice to remove 
obvious foci, infected tonsils and the like, but cannot say that we have 
seen any startling effects from such procedures Observations before 
and after tonsillectomy will be found in foui of the cases given in 
Tables 1 and 2 (Cases 338, 591, 603 and 866) We fee! that in the 
management of toxic goiter the correction of infectious foci is impoi- 

41 Crjle, G W Discussion, Symposium on Basal Metabolism in Clinical 
Medicine, JAMA 77 3S5 (July 30) 1921 
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tant, but we have not seen any reason to believe, as McCarnson does, 
that they are an important factor in the production of the disease They 
may serve to aggravate or prolong the thyrotoxicosis 

Pregnancy — In four cases of exophthalmic goiter we have secured 
observations before and during pregnancy, and in one case after preg- 
nancy as well Mrs A B (Case 374) showed a marked improvement 
with a combination of roentgen-ray therapy and ligation of vessels 
She married June 4, 1921 , Noi ember 16 her metabolism was -j- 16 per 
cent , April 18, 1922, when six months pregnant, it was -f 13 per cent 
She has had no return of her symptoms of hyperthyroidism Mrs J L 
(Case 485) developed myxedema during roentgen-ray treatment 
When last seen she was four months pregnant, with no return of 
symptoms of hyperthyroidism or hypothyroidism Another woman 
(Case 762) had failed to respond to the roentgen ray I^ter a hemi- 
thyroidectomy was done which was followed by some improvement 
A definite increase in her thyrotoxicosis manifested itself when she 
became pregnant, but when three months pregnant a further thyroid- 
ectomy was done without interruption of her pregnancy, and when 
last seen, her metabolism was normal and her symptoms of hyper- 
thyroidism had disappeared Mrs F S (Case 802) who after 
recovery following roentgen-ray treatment went through a pregnancy 
without recurrence, has been referied to earlier 

Catdiac CompUcatwns — Our studies of the cardiac complications 
have not been as complete as we hope to have them in the future Ordi- 
nary examinations of the heart have been made from time to time, and 
in the fibnllating cases electrocardiagrams have been taken We have 
not, however, carried out any of the newer functional tests of the heart 
Our clinical observations have not disclosed any evidence that patients 
received added cardiac damage because they were treated by the 
roentgen ray instead of immediate operation We recognize the need 
of further study on this problem and propose to make it 

VII CONCLUSIONS 

1 We believe that the data presented here show that the roentgen 
ray probably has a beneficial effect in toxic goiters, and that for that 
reason it has its place in our annainentarium for treating these diseases 

2 About two-thirds of the patients with exophthalmic goiter so 
treated show either recovery or improvement coincident with the treat- 
ment The remaining third neither improve nor grow worse 

42 McCarnson, R The Thyroid Gland m Health and Disease, New York. 
William Wood & Co, 1918 
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3 In exophthalmic goiter, when treated by the roentgen ray, if good 
results are not secured in a few months, surgery should be employed 
Prolonged roentgen-ray treatment in patients showing no response is 
undesirable This is a fact which has been impressed on us particularly 
in our recent work We have not emphasized it before, and therefore, 
do so now 

4 Some patients with exophthalmic goiter who are not cured by 
the roentgen ray are, perhaps, made better operative risks by it A 
combination of the two forms of treatment may sometimes accomplish 
more than either does alone 

5 In toxic adenoma there seems to be a similar improvement to 
that noted in exophthalmic goiter, but so far we have used it only with 
patients who have refused operation In toxic adenoma, in contrast 
to exophthalmic goiter, surgery probably removes the actual cause of 
the disease, the adenoma The indication for surgery would, therefore, 
seem more definite than in exophthalmic goiter Even in toxic adenoma, 
however, m certain cases that are too thyrotoxic for safe operation, the 
roentgen ray may be used to advantage 

6 To make a proper use of the roentgen ray in the management 
of toxic goiter of either van.ety, its limitations should be recognized 
and It should be intelligently correlated with other therapeutic measures 
as the individual case may demand 

43 Since going to press, an interesting article by Drs Kessel, Lieb and 
Hyman Q A M A 79 1213 [Oct 7] 1922) has come to cur attention They 
are supplying data on patients treated by rest alone, which will be of great 
value m settling some of the disputed matters regarding thyrotoxicosis 



THE CORRELATION OF VITAL CAPACITY WITH 

STEM HEIGHT ^ ^ 

WILLIAM LESTER ROGERS 

SAN FRANCISCO 

The vital capacities of normal men vary with then sizes The 
measurement of size which furnishes the best standard for estimating 
the normal vital capacity is, howe\er, still under discussion In a recent 
study of male students at Stanford University,^ a comparison was 
made between vital capacity, on the one hand, and the height, the weight, 
and certain combinations of height and weight on the other The stem 
heights of these students were not measured , and since Dreyer places 
the highest value on stem height in estimating the noimal vital capacity, 
the present study was undertaken for the purpose of comparing stem 
height with standing height as a vital capacity standard for normal 
young men 


Summary of Present Data (Stanford 2) Compared with Previous Stanford 
Data and with a Combination of Stanford, Har\ard and Oxford Data 





Stanford Harvard 


Stanford (2) 

Stanford (1) 

and Oxford 

Number 

Mesns 

400 

400 

1,444 

Height 

175 9 

175 9 

176 2 

stem 

91 5 



Vital capaeitr 

4,421 

4,646 

4,426 

Standard Deviations 



Height 

648 

7121 

6 805 

Stem 

3 30 



Vital capacity 

595 7 

655 8 

616 9 

Coefficients of Correlation 




Height Vital capacitj 

0 46 

0 35 

0 53 

Stem Vital capacity 

0 47 



Height Stem 

0 71 




Observations were made on 400 male students at Stanford Uni- 
versity, whose ages ranged between 18 and 30 years The standing 
heights were measured in bare feet and the stem heights were measured 
according to the method described and illustrated by Dreyer- Each 
student was shown how to use the spirometer and was then given thi ee 
trials, the maximum reading being recorded as his vital capacity 

The accompanying chart shows the average vital capacities for the 
different stem height groups Two lines have been added to this figure 

■''From the Department of Medicine, Stanford University 

1 Hewlett, A W, and Jackson, N R The Vital Capacitj in a Group of 
College Students, Arch Int Med 29 515 (May) 1922 

2 Dreyer, G The Assessment of Physical Fitness, New York, Paul B 
Hoeber, 1921 
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The heavier line lepresents the linear i elation between vital capacity 
and stem height as calculated from the present data, the lighter line 
represents the relation given by Dreyer for “Class A” individuals It 
will be noted that the slope of Dreyer’s line dififers somewhat from that 
which best fits our data, ajid that, furthermore, for the lange of stem 
heights under consideration, the cuive m Dreyer’s line is not maiked 
We see no reason for adopting Dreyer’s complex formula, at least foi 
adult men, when a lineai formula will answer the same purpose 

The linear relationships between vital capacity on the one hand, 
and standing height or stem height on the other, can be calculated and 
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The ordinates represent vital capacities and the abscissas stem heights The 
dots represent the average vital capacities for the different stem-height groups, 
the number of observations in each group being given below The straight 
heavier line has been calculated to fit our data The lighter curved line repre- 
sents that given by Dreyer for “Class A” individuals 

expressed mathematically by the methods commonly used m statistical 
studies ^ The more neaily the coefficient of correlation approaches 
unity, the closer is the relation between two sets of data obtained from 
the same group of individuals 

The accompanying table shows the means, the standard deviations 
and the coefficients of con elation foi the present set of observations, 
together with some corresponding figures taken from the previous 
paper It will be obseived that the coefficient of correlation between 
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Standing height and vital capacity was 0 46 and that the coefficient of 
correlation between stem height and vital capacity was 0 47 This 
difference is not significant 


CONCLUSION 

In a group of male college students the correlation between stem 
height (Dreyer) and vital capacity was not significantly better than the 
correlation between standing height and vital capacity 



A CLINICAL REPORT ON THE USE OF QUINIDIN 

SULPHATE + 
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PAUL D WHITE, MD 

BOSTON 

INTRODUCTION AND HISTORICAL RESUME 

Although eight years have passed since Wenckebach ^ noted the 
restoration of normal rhythm by qumin m cases of auricular fibi illation, 
theie IS but little agieement regarding the indications and limitations 
for the use of this diug or its more effective isomer, quinidm As 
Wenckebach found quinin but rarely effective, it was used but little 
for the four years following his report Then, in 1918, Frey, testing 
other alkaloids obtained from cinchona in cases of auricular fibrillation, 
showed the gi eater efficacy of quinidm in restoring normal mechanism, 
and gave the investigation new impetus This first repoit,^ embodying 
the results obtained in his first twelve cases, was followed by another 
report on twenty-two cases ^ Here he outlined the method of adminis- 
tration still used with little change, and noted the advisability of 
previous digitalization and test dosage with quinidm His observations 
on recuirence, toxic and untoward results, and changes in pulse rate 
have been added to but little since that date From 1918 to the present 
date a large number of investigators have reported their observations, 
usually on small series of cases of auricular fibrillation, which have not 
permitted very satisfactory conclusions In 1921, Frey ^ again reported 
his cases, then fifty m number, confirming his previous obseivations and 
commenting on the relation of the duration of the arrhythmia to the 
results obtained from use of the diug Boden and Neukirch ° and 
others have reported favorable results from use of the drug in parox- 
ysmal tachycardia and premature beats Later Lewis, Drury, Iliescu 
and Wedd ° reported their observations on the mode of action of 

* From the Massachusetts General Hospital, Boston, and the New Haven 
Hospital, New Haven, Conn 

Read in part at the annual meeting of the American Society for Clinical 
Investigation, Washington, D C, May 1, 1922 

1 Wenckebach, K F Die unregelmassige Herztatigkeit, 1914 

2 Frey, W Berl klin Wchnschr 55 450 (May) 1918 

3 Frey, W Berl klin Wchnschr 55 849, 1918 

4 Frey, W Deutsch Arch f klin Med 136 70 (April) 1921 

5 Boden, E, and Neukirch, P Deutsch Arch f klin Med 136 181, 1921 

6 Lewis, T , Drury, A N , Iliescu, C C, and Wedd, A M Brit kl J 
2 514 (Oct ) 1921 
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quinidin with i elation to the circus movement of auricular fibrillation 
and flutter and so placed the use of the drug upon a rational basis 

During this period of investigation, a number of writers have noted 
serious untoward results under quimdin Benjamin and Von Kapff,’' 
Ellis and Clarke-Kennedy,® Eyster and Fahr,° Haass,^° Sappington,^^ 
Wilson and Hermann, Hewlett and Sweeney, Frey and others As 
these included cases with fatal and nonfatal embolism, increased failure 
and unexplained sudden death, the profession has questioned the utility 
of a drug producing such effects That by its use excellent results 
obtain in certain cases, many, perhaps most, writers have agreed, and 
remembering the one hundred years of neglect digitalis suffered 
following the classical work of Withering in 1785 (and this in an age 
more open to drug therapy than our own), we hesitate to discard 
without due trial a drug so potent as quinidin If it were possible to 
choose for its use only those cases likely to yield favorable effects and 
to avoid the cases likely to suffer untoward results, it would seem a 
valuable therapeutic agent 

During the last year at the Massachusetts Geneial Hospital and the 
New Haven Hospital a series of cases of the nonparoxysmal (“perma- 
nent”) type of auricular fibrillation and flutter have been treated with 
quinidin This report deals principally with this type of case In addi- 
tion a small series of the paroxysmal type of fibrillation and flutter and 
a few cases showing prematuie beats or heart block have been observed 
under the influence of the drug An attempt has been made to correlate 
the observations made with those found in the literature A preliminary 
report of the present study was published last year 

CASES OF NONPAROXYSMAL AURICULAR FIBRILLATION AND FLUTTER 

At the Massachusetts General Hospital and the New Haven Hos- 
pital, seventy-one cases of nonparoxysmal (“permanent” or “chronic”) 
auricular fibrillation and four cases of nonparoxysmal flutter have been 
treated with quinidin sulphate, — a total of seventy-five cases The first 

7 Benjamin and Von Kapff Deutsch med Wchnschr 47 10, 1921 

8 Elhs and Clarke-Kennedy Lancet 2 894, 1921 

9 Ejster, J A E, and Fahr, G E Quimdin m Auricular Fibrillation, 
Arch Int Med 29 59 (Jan ) 1922 

10 Haass, H Berl klin Wchnschr 58 540, 1921 

11 Sappington, S W Quimdin Treatment of Auricular Fibrillation J A 
M A 78 59 (Jan 7) 1922 

12 Wilson, F N , and Herrmann, G R Cerebral Embolism Following 
Arrest of Auricular Fibrillation by Quinidin, J A M A 78 865 (March 25) 
1922 

13 Hewlett, A W , and Sweeney, J P Quimdin Treatment of Auricular 
Fibrillation, J A M A 77 1793 (Dec 3) 1921 

14 Pratt, J H Digitalis Therapy, J A M A 71 618 (Aug 24) 1918 

15 White, Marvin and Burwell Boston M & S J 185 647, 1921 
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sixty cases were practically unselected, the majority of the icmaining 
fifteen cases weie selected on the basis noted below In nearl) all the 
cases showing congestive failure, digitalis was administered before 
the use of quimdin was begun All patients were given 02 gm twice 
(a two hour interval) the day preceding the full dosage as test doses 
for sensitivity to the drug After that the usual method of administra- 
tion was 0 4 gm five times daily by mouth in capsule or tablet foim 
at two hour intervals, in some cases increasing to 0 6 or 0 8 gm five 
times daily Usually the drug was continued until lestoration of noimal 
rhythm or development of significant toxic symptoms Each case was 



Pig 1 — RelaUon of various factois to j estoi atwn and maintenance of normal 
ihytJim Abscissas represent the groups of cases under consideration, ordinates 
the percentage responding to quinidm The column represents the percentage 
of a given group restored to normal rhythm, the shaded part those relapsing, 
the black part those still maintaining normal mechanism Above each column 
is noted the number of cases in that group 

studied carefully by the usual laboratory and clinical methods and by 
electrocardiograms at least once daily Seven of the patients weie 
handled as outpatients, all the others remaining in the hospital duiing 
the period of quinidm administration 

Total Senes — Of the total series of seventy-five cases, fifty-one 
cases, or 68 per cent, were restored to normal rhythm by quinidm, 
twenty-six cases, or 34 per cent , still maintain it after intervals varj mg 
from a few days in the last case to more than ten months (Case 6) 
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In othei words, in a largely unselected senes of cases two-thirds were 
restored to normal rhythm and one-third maintain it (Fig 1). 

Though a higher percentage of females than males were 

restored to normal rhythm, a lower percentage maintained it (Fig 1) 
Sex cannot be considered an important factor in determining restora- 
tion or relapse 

jlgg — Consideration of the age of the patient (in groups of ten 
year periods) with relation to the restoration and maintenance of 
normal mechanism showed that while patients more than 50 years of 
age presented a higher percentage of restoration than those between 
30 and 50, the percentage of maintenance was strikingly equal The 
low percentage in the first group (ages from 20 to 29) may have been 
the result of the small number of cases m that group There was, then, 
no marked parallelism between age and response to quinidm (Fig 2) 

Ehologic Type of Heait Disease — Four cases of the series were of 
doubtful etiology The remaining seventy-one cases were divisible into 
four groups rheumatic, arteriosclerotic, thyroid, and thyroid plus 
rheumatic The last two groups, containing only three cases each, were 
too small to permit drawing conclusions as to their relative response to 
quinidin The arteriosclerotics had a higher percentage of restoration 
(76 per cent ) than the rheumatics (61 per cent ), and a higher per- 
centage of maintenance (43 per cent as compared to 27 per cent for the 
rheumatic) (Fig 2) Since the arteriosclerotic group comprises largely 
the older patients, these observations correspond roughly to the varia- 
tions with age as noted above That this difference in response may be 
due to a factor other than the etiologic type will be considered later in 
this communication under the discussion of the variation in response 
with respect to congestive failure 

Dwation of Heart Signs or Symptoms — The actual duration of the 
cardiac disease being difficult to estimate, the duration of heart symp- 
toms or recognized signs was considered for its possible relation to 
response to quinidm (Fig 1), dividing the cases into three groups and 
excluding five cases in which the duration was questionable 

The cases in the group of from one to five years’ duration had a 
reasonably equal percentage of maintenance of normal rhythm (21 per 
cent ) with the cases of more than five years’ duration (25 per cent ) , 
the latter of the tivo groups had a slightly higher percentage of restora- 
tion (66 per cent as compared with 53 per cent for the group of cases 
of shorter duration) The group of eighteen patients whose cardiac 
symptoms were of less than one year’s duiation had high percentages 
of restoration (94 per cent ) and maintenance (66 per cent ) These 
differences will be referred to again in the discussion of the relation of 
duration of fibrillation to response to quinidm 
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Pi obable Duration of Ftbi illation — In all of the cases, except five. 
It Avas considered possible, by careful history taking, use of outpatient 
records or reports from the patient’s previous physician to approximate 
the probable duration of fibrillation or flutter Grouping the remaining 
seventy cases according to this duration, a striking parallelism appeared 
both to restoration and maintenance of normal rhythm (Fig 1) Of 
the group of eleven cases with fibrillation of less than two months’ 
duration, 82 per cent were lestored to sinus rhythm and 73 per cent 
maintain it Of the cases, twenty-three in number, with a fibrillation 
moie than two years old only 48 per cent were restored and but 13 
per cent maintained normal mechanism Duration of fibrillation seems 
to be the most important factor determining response to quinidm 
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Fig 2 — Similar to Figure 1 


In discussing the variation in response with relation to duration of 
heart symptoms (Fig 1) a higher percentage of favorable results was 
noted in the first group , of the eighteen cases in this group only three 
had fibrillation of more than six months’ duration, and it is probable 
that the latter factor was the one responsible for the response in that 
group Similarly, the slightly better results in the third group than the 
second group may be explained by the fact that of the second group 
only 19 per cent had fibrillation of less than six months’ duration, while 
27 per cent of the third group had fibrillation of such short duration 
Failure of the Congestive Type — ^^Vhlle those cases showing objec- 
tive congestive failure (edema, enlaiged liver, pulmonary edema, etc ) 
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on admission were restored to normal mechanism m about an equal 
percentage to those not showing such failure, the percentage of main- 
tenance in the former was less than half that in the latter (Fig 2) 
A similar tabulation of cases showing such failure at the beginning of 
quinidin administration (after digitalization) yielded similar results 
Though cases with failure may be restored as readily as the others they 
present a much greater tendency to relapse 

In the consideration of the relative response of the rheumatic and 
arteriosclerotic types, it was noted that the latter responded more 
frequently than the former , this difference may have been due, in part 
at least, to the greater frequency of congestive failure in the cases of 
the rheumatic group (72 per cent ) than in the arteriosclerotic group 
( 57 per cent ) 

Cases with a history of periods of failure m the past seemed to 
respond poorly to quinidm whether or not there was marked failure at 
the time of quinidm treatment 

It was of interest to note that congestive failure was about equally 
frequent in the groups of patients with auricular fibrillation of short 
duration and in those of long duration 

Congestive failure (objective), the expression of myocardial failuie 
appears to be the second of the two important factors determining 
response to quinidm Presumably, the weakened cardiac muscle is 
in some way more resistant to the influence of quinidm than the normal 
or less damaged muscle 

Dtgiiahsation ivitJi Relation to Response to Qwmdm — As only five 
patients of the senes had not received digitalis prior to quinidm, it w’^as 
not possible to determine comparative . response betw'een digitalized 
and nondigitahzed cases Howe\er, the fact that congestive failure 
w^as unfavorable for the production of maintained normal mechanism 
s^^ggested that, m cases wnth such failure, digitalis probably favored 
rather than antagonized the action of quinidm In a large number of 
cases heavy digitalis dosage was given just prior to quinidm and yet 
normal rhythm appeared, often with the smallest doses of quinidm 
All the cases, except two, m which restoration of normal rhythm was 
not obtained or w^as transient, apparently reacted quite as well to 
digitalis as before the use of quinidm The two exceptions, m which 
a “fixed flutter” was produced by quinidm wnll be described later 
From these observations it appeared not only that there was little or 
no antagonism betw^een the two drugs but also that digitalis was dis- 
tinctly indicated in cases with failure before the initiation of quinidm 

Qmnidm Dosage — In the cases restored to normal rhythm, the total 
dosage varied from 04 gm (the test doses only) m two cases to 23 2 
gm , the period of administration from one-half day to ten and one-half 
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cla 3 '’s, the dose fiom 1 6 gm to 4 gm and the single dose from 
0 2 gm to 0 8 gm Of the fifty-one cases restored, 86 per cent 
required less than 9 gm total dosage There was no close correspond- 
ence between the duration of fibrillation and the dosage required to 
restore normal ihythm (Fig 3) There was essentially no greater 
tendency to relapse in the cases requiring large dosage than in the 
cases in which small doses were sufficient Some of the cases requiring 
the largest dosage have given the most satisfactory clinical results In 
the reported cases of untoward results under quinidin, the dosage has 
usually been small While the present lack of exact knowledge of the 
drug inclines one to keep the total dosage within the limits under which 
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Fig 3 — Relation of dosage to piobable duiation of fibnllation The black 
dots represent those cases restored to normal rhythm, the circles those cases 
not restored Abscissas = duration of fibrillation, ordinates =: dosage of quini- 
din given 

the majority of patients react, observations to date have presented no 
contraindications to the use of the large doses, and it may be that in a 
favorable case under close observation the drug should be continued 
until normal rhythm is established or toxic symptoms develop 

Thirteen patients either failing to respond to the first course oi 
relapsing immediately were given subsequent courses Only two of 
those restored by such additional courses still maintain normal mecha- 
nism When a patient fails to respond to an adequate first course or 
relapses quickly, further quimdin is usually not worth while 

After restoration of normal rhythm, twenty-four of the fift>-one 
patients (usually alternate cases) were given rations of quin dm m 
varying doses over varying periods About an equal percentage 
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Fig 4 — Electrocardiogram of R M Auricular fibrillation (before quinidm), 
Leads I, II and III 



Fig 5 — Auricular fibrillation Bundle branch block 
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relapsed in those lationed and those not rationed As the cases rationed 
were general!)'- more favorable for relapse (a higher percentage of 
cases with fibrillation of long duration) than those not so treated, the 
rationing did not prove so mefifective as the figures suggest In addi- 
tion, the dosage given m the earlier cases later proved to hare been 
entirely inadequate Patients with fibrillation of short duration and 
no failure need less rationing after reestablishment of sinus rhythm 
and possibly in some cases none at all One patient reported four 
months after restoration with paroxysms of fibrillation that hare been 
entirely prevented to date by rations of 0 4 gm daily At Nerv Haven, 
Marvin gave loutine rations of 04 gm three times daily the first two 
days after restoration, trvice daily the succeeding trvo days, once daily 
the next trvo days and then once weekly and considered this method to 
be usually effective At the Massachusetts General Hospital as high 
as 0 4 gm daily over periods of from several rveeks to months have been 
given in some cases with no apparent ill effects Only further study 
rvill determine whether such long continued dosage bears hidden ill 
effects 

Changes in Cardiac Mechanism — A number of interesting changes 
m the cardiac mechanism appeared during quinidm administration 
Even rvithout direct chest leads, many cases demonstrated definite 
slowing of the auricular circus rate before or without restoration of 
sinus rhythm Auricular flutter was observed in seventeen cases, of 
these, eleven later attained normal rhythm, two remained “fixed” in 
flutter despite digitalis and additional quinidin and four reverted to 
fibnllation Under quinidm transient bundle branch block occurred 
m two cases, one during the transition to normal rhythm, the other 
without restoration of sinus mechanism (Figs 4 and 5) The first of 
these cases presented at the same time a regular tachycaidia without 
evident P waves Four other cases showed transient intraventricular 
block of lesser degree (aberration type) (Fig 6), all but one during 
the period of transition to normal rhythm One other case for some 
hours before the appearance of normal rhythm showed a regular slow 
rhythm with no evident P waves 

In fourteen cases the P R interval aftei restoration of sinus rhythm 
exceeded 0 IS seconds As all of these patients but one had been 
previously digitalized (and usually had an inverted or diphasic T 
wave), digitalis was considered at least partially responsible for the 
A V block In the case not previously digitalized, the P R interval 
remains long five months later, though no digitalis or quinidm has 
been given in the interval , here the block is probably organic rather 
than the result of quinidm administration One other case still mam- 
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tains a long P R interval months after cessation of digitalis and quinidin 
Of the others, thiee, latei, became noimal in length, one is still iindei 
observation and m the other eight fibrillation recurred before the pei- 
sistence of the A V block could be estimated 

In ten cases ectopic beats persisted aftei restoration of noimal 
mechanism, such cases tended to relapse to fibrillation early, only one 
still maintaining sinus rhythm 



Fig 6 —Electrocardiogram o£ N P a Auricular fibrillation (before quini- 
din), Lead II b Auricular fibrillation Intraventricular block Lead II 
c Auricular flutter Lead II d Normal rhythm Lead II 

Cases with “fine” and “coarse” fibrillation gave equal peicentages 
of restoration (68 per cent ) m the sixty-thiee cases m which the type 
u as noted 

Untoivaid Results — Tiansient, unimpoitant toxic symptoms, dis- 
appearing on cessation of the diug appealed in many cases, the most 
common, m order of f i equency, were headache, tinnitus, nausea, vei tigo, 
disturbed vision, vomiting, palpitation and diarihea General malaise, 
piecoidial pain, nervousness and drowsiness occuired in one or two 
cases, possibly as effects of quinidin 
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In five cases, or 6 6 per cent , more or less serious untoward results 
occurred (Table 1) In one case qumidin produced a “fixed flutter,’ 
in which digitalis later induced a four to one block , \\ hile the i esulting 
regular slow ventnculai rate should theoreticall}' have been as satis- 
factor}^ as a slow ventricular rate in fibrillation the patient showed 
increased cardiac symptoms for some time In one case quinidin pro- 
duced a “fixed flutter” which persisted as flutter with a lentnculai 
rate of from 140 to 160, with increasing failuie until death fouiteen 
days after its onset Necropsy showed in addition to marked congestive 
failure pulmonar}^ embolism, presumably from auricular thrombi as 
foci It IS probable that the production of such “fixed flutter” can be 
avoided by the cessation of quinidin within twenty-four hours after the 
onset of the fiuttei In one case a transient peripheial unimportant 
embolism followed the lestoration of normal rhythm , the cii dilation was 
unaffected and this patient was much benefited by the treatment One 
patient died suddenl}^ a few hours af tei normal rhythm appeal ed , no 

TA.BLE 1 — Untoward Results 


^umbe^ of Cases 


Fixed flutter — i to 1 block, patient little harmed 1 

Fixed flutter— Pulmonarj' embolism death 1 

Fmbolism — Peroneal artery, unimportant 1 

Sudden death—’ embolism, no necropsy 2 


5 (CC%) 


necropsy was permitted In the fifth case, the patient had been 
restored to normal rhythm for several days and then i elapsed to fibril- 
lation Digitalis was begun and thiee days later she died quite 
suddenly No necropsy permission was obtainable 

The scarcity of necropsies m such cases of sudden death undei 
quinidin is unfortunate The most likely cause of death is massive 
pulmonary or cerebral embolism If ventricular fibrillation were 
responsible, as has been suggested, one would have expected the second 
of our two patients to have died at the time quinidin was at its maximal 
concentration and not three or four days later In cases in which 
normal ihythm is pioduced, the lengthening of the lefractory period 
that breaks up the auricular circus is pi edominant , ° it does not seem 
likely that in such a case the drug induces ventnculai fibrillation The 
answer must come from necropsies and from electrocardiograms at the 
moment of onset — if more such unfortunate cases occui 

All five of the cases in which serious untoward results occurred 
had congestive failure and, on admission, a history of one or more 
penods of such failure in the past was gn en Three of the patients had 
fibrillation of more than a yeai in duration That this is the t\pe of 
case likely to develop untoward results will be noted later 
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Benefit fi om Restoiahon of Noimal Rhythm — In some of the cases 
the benefit from the restoration of normal rhythm was so striking that 
It was unquestionable In others, the persistence of the effect of previ- 
ous digitalization had to be taken into consideration in estimating the 
part played by quinidin In cases without objective failure, the 
temperament of the patient had to be considered in evaluating the sub- 
jective improvement noted Vital capacity readings were of value and 
usually corresponded to the other clinical evidence of improvement 
In noting benefit from quimdin (Table 2) all these factors have been 
taken into consideration 

Group 1 (Table 2) — Two of the five cases not digitalized before 
quimdin showed what was considered definite improvement from 
restoration of normal rhythm 

Group 2 — Four cases failing to lespond to adequate doses of digi- 
talis and presenting tachycardia, objective congestive failure, or both 




TABLE 2 

— Bcnefit 

FROM 

Quinidin 


Group 

Pre^ lous 
Digitali 
zntion 

Response to 
Digitalis 

Normal 
Elijthm by 
Quimdin 

Relapse 

Benefit from 
Quinidin 

Number 

of 

Oases 

1 

None 


Yes 

No 

Moderate to marked 

2 

2 

Yes 

Poor or none 

Yes 

No 

Moderate to marked 

4 

s 

Yes 

Good 

Yes 

No 

Moderate to marked 

15 

4 

Yts 

Good 

Yes 

ho 

Slight or none 

2l(287o) 

7 

5 

Yes 

Usually good 

Yes 

Yes 

Slight or none 

28 

6 

Yes 

Usually good 

No 


None 

24 


54(72%) 


when quimdin was begun, showed marked improvement from restora- 
tion of sinus rhythm with slowing of the heart and disappearance of 
the congestive failure In two of these the effect was striking 

Group 3 — Fifteen cases responding moderately or well to digitalis 
presented definite additional improvement after the reestablishment of 
normal rhythm . In cases with objective failure persisting after 
digitalization, this diminished or disappeared One case is particularly 
worthy of mention A physician, whose ventricular rate had been well 
controlled by digitalis for months, had, nevertheless, been forced to 
give up his practice because of dyspnea and palpitation on slight exer- 
tion Follovnng the restoration of noimal rhythm, he resumed his 
practice and has continued active work since that time As he had no 
objective failure, it is possible that part of the limitation of activity he 
suffered prior to quimdin was the result of his mental reaction to a 
knowledge of heart disease , in this case it seems unlikely, but even so 
the fact remains that through quimdin a valuable man has returned 
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to activity m his community This is one of the types of cases most 
favorable for the use of qumidin 

Twenty-one patients, or 28 per cent, leceived from moderate to 
marked clinical improvement from quinidin It is to be noted that of 
these, sixteen had. fibrillation of less than one year’s duration and the 
majoiity of less than six months’ , also that m all but four of these cases 
the benefit was additional to that obtained from digitalis It may 
reasonably be assumed that if 28 per cent of the cases are benefited 
in a largely unselected series, a considerably larger percentage would 
be obtainable in a group of selected cases 

Advantages of Normal Rhythm — The relative utility of quinidm or 
quinidin after digitalization and digitalis alone in cases of auricular 
fibrillation depends on the relative efficiency of the heart when auricles 
and ventricles beat regularly m sequence and when there is no auriculai 
systole but a slow ventricular rate (as in the digitalized fibnllatmg 
heart) 

From the clinical point of view the cases of Group 3 (Fig 6) sug- 
gest the gi eater efficiency of the heart in normal rhythm Recently, 
Stewart and Carter have reported some interesting observations on 
blood gases before and after restoration of normal rhythm Their 
findings point to a greater efficiency of the cardiorespiratory mecha- 
nism under normal rhythm than with a fibrillation, even if the ven- 
tricular late IS slow in the latter case 

From an experimental point of view, estimation of cardiac efficiency 
IS difficult and none too accurate Working with animals several investi- 
gators compared cardiac efficiency in fibrillation and normal rhythm, 
taking cardiac output or blood pressure changes as the criterion of 
cardiac efficiency In most cases, however, they dealt only with 
fibrillation in which the ventricular rate was rapid, a condition not 
quite comparable with the slow heart of digitalized auricular fibrillation 
in man For this reason Lewis’ conclusions that the decreased 
efficiency in fibrillation was simply a factor of increased ventricular rate 
are not entirely applicable to the present problem Gesell pi oduced 
a slow ventricle by blocking A V conduction in his fibrillation experi- 
ments and concluded that the lowered efficiency of the fibnlHling heart 
resulted from the absence of auricular conti actions Lewis stated that 
faults in Gesell’s technic vitiated the value of his conclusions More 

16 Stewart, H J , and Carter, E P Blood Gases m Auricular Fibrillation 
and After Restoration of the Normal Mechanism, J A M A 78 1751 (June 3) 
1922 

17 Lewis, T J Exper M 16 395, 1912 

18 Gesell, R A Am J Physiol 29 32, 1911 
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recently Eysler and Swarthout/® in experiments similar to those of 
Lewis, concluded that auricular fibrillation and flutter “produced a 
variable reduction in the volume output of blood from the ventricles 
the effect greater in fibrillation than m flutter and mainly due 
to the irregularity of the ventricles and to the high percentage of 
premature and abortive beats, rather than to the fast ventricular rate ” 
Many patients who have fibrillation live for years , a large per- 
centage "of cardiac patients dying have fibrillation Can we prolong the 
lives of these patients by restoration of normal rhythm^ Years of 
observation may or may not give us the answer Many patients with 
auricular fibrillation live in great discomfort and with markedly 
restiicted activity despite digitalis That in many such cases restora- 
tion of normal rhythm promotes comfort and increases the ability 
of the patient to carry on a more normal life seems quite certain 
In favorable cases in which relapse is less likely, the quinidm cases 
seem to need no more, perhaps less supervision than digitalis cases 
By the restoration of normal rhythm with qumidin we have not 
removed the underlying heart disease on which the fibrillation is based, 
but often the precipitating cause for the fibrillation — thyrotoxicosis, 
acute infection, overexertion, emotional strain, etc — is long since past 
Perhaps, after regaining sinus rhythm, we may be able to guard the 
patient against further precipitating cause 

Othei Obseivations — In the thirteen cases in which teleroentgeno- 
grams were taken before and after restoration of normal rhythm, no 
constant change in the shape of the heart was made out and measure- 
ments including the Von Zwaluwenburg aunculo ventricular ratio 
showed no significant changes 

The white blood count m forty-three cases followed showed no 
significant changes during qumidin administration 

UNTOWARD RESULTS WITH AND WITHOUT QUINIDIN 

A number of serious untoward results have been reported under 
the use of qumidin in auricular fibrillation Of these, embolism and 
sudden death have been most frequent That embolism occurs in 
fibrillation under ordinary treatment not including qumidin is well 
known, but its frequency is possibly not generally realized It was, 
therefore, of interest to compare the fiequency of embolism and other 

19 Eyster, J A E and Swarthout, E C Experimental Determination of 
Influence of Abnormal Cardiac Rhythms on Mechanical Efficiency of Heart, 
Arch Int Med 25 317 (March) 1920 

20 Van Zwaluwenburg, J G Am T Roentgen 7 1, 1920 

21 We are indebted to the roentgen-raj^ department at the Massachusetts 
General Hospital and to Dr D S Dan in particular for cooperation in the 
roentgen-ray work 
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untoward results under quinidin m 484 cases of fibrillation reported 
(including the present series) with the frequency of embolism in 200 
consecutive cases of auricular fibrillation at the Massachusetts General 
Hospital not receiving quinidin Each series includes some cases in 
which no necropsy was obtained to confirm the diagnosis, but as fai as 
possible the same criteria were used in each group (Tables 3 and 4) 
Of the nine patients (4 5 per cent ) of the nonqumidin group that 
suffered embolism while 111 the hospital, one suffered sudden death 
(clinically similar to the sudden death under quinidin), although having 


TABLE 3 — ^Untoward Results in Cases Treated with Quinidin 


484 Cases (+) 

ri\ed flutter -nith embolism (present series) 

Embolism Died 3 patients, recovered 2 patients (piescnt senes, EUis and 
Olaikc Ronnedy,® Johns Hopkins,-- Wilson and Hermann 
Sudden death (present senes, Beniamin and Von Kapil Sappington,ii 
Hewlett and Sweeney, Johns Hopkins--) 

Possible embolism as cause of death (Bergniann,-*’ Beniamin and ton 
Kapfl ■) , 

Respirators paraljsls (Prey •*) 

Miscellaneous Collapse, increased failure (Prej,'* Rystci and Fahr,® 
Hanss.i® Hewlett and Sweeney >') 

Fi\ed flutter (present series) 


Rumber of C iscs 
1 1 


5 

0 

O 

2 


13 

3 1% 

[1^ 


4 

1 


TABLE 4 — Embolism in Cases Not Treated with Quinidin — ^200 Cases 


Number of Cases 


Embolism wiiile in (he hospital D(4 5%)( 

Entcicd hospital following embolism 7 (3 57o) 1 '5 Ole 

Recovered from embolism t> 

Died huddtn death, probably embolic 1 

Embolism immediate e lusc "> 

1 mbolism only partly cause 4 


comparatively good circulation No necropsy was obtainable m this 
case to confiim the clinical diagnosis of pulmonary or cerebral embolism 
Besides these nine cases an additional seven cases, 01 3 5 pei cent , 
entered the hospital following embolism In comparison with the 
quinidin cases these last cases should not be included 

In the 484 quinidin cases reported in the literature, the total serious 
untoward results totaled twenty-two cases, or 4 5 per cent , this included 
nine cases of embolism and six cases of sudden death probably due 
to embolism If the latter are included as cases of embolism there 
were fifteen cases of embolism, or 3 1 per cent Including the cases 
repoited by Sappington,^^ by Wilson,^- and the two Johns Hopkins 
cases,-- the total number of cases treated by these imestigatois vas 
not known so that the peicentage of untoward results given is actualh 
a little high in this lespect 


22 Personal coinersation vith Dr C S Burn ell 
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Such comparison of untoward results in cases with and without 
quinidin is not intended to suggest that quinidm is not responsible for 
such effects The chronologic relationship between restoration of nor- 
mal rhythm and embolism or sudden death forces the conclusion that 
the changed mechanism is responsible Probably the newly arisen 
contraction of the auricles forcing out auricular thrombi into the 
circulation produces the emboli and thus also the sudden deaths That 
the percentage of untoward results under quinidin as given here is too 
low IS quite possible, as some cases may not have been reported or 
included here On the other hand, two of the cases that are included 
should, perhaps, have been omitted, the case of Haass^° (collapse 
under quinidin) because the drug was given intravenously, and one of 
Benjamin and Von Kapff ^ which I myself considered not the result 
of quinidin So it seems justifiable to conclude tliat embolism is at 
least not much moie frequent under quinidin treatment than under 
oidinary therapy Sudden death, however, is considerably more fre- 
quent (12 per cent in quinidin cases as compared with 0 5 per cent in 
the others) 

Study of the twenty-two cases m which untoward results occurred 
under quinidin, in hope of determining the type of case likely to 
develop such effects, was rendered difficult by incompleteness of data 
available in some cases However, two factors were outstanding and 
suggestive A high percentage of the cases presented auricular fibrilla- 
tion of long standing and ail even higher percentage showed objective 
congestive failure at the time of treatment, m the past, or both It 
seems reasonable to suppose that both these factors favor auricular 
thrombosis and may thus be indirectly responsible for embolism 

OBSERVATIONS OF PREVIOUS INVESTIGATORS IN CASES 
OF AURICULAR FIBRILLATION 

Most of the observations made in this series of cases of fibnllation 
treated with quinidin agree with those of previous investigators The 
importance of the duration of fibrillation and presence of congestive 
failure m determining the response to quinidin has been noted by most 
of the investigators who studied large series of cases Frey ^ Oppen- 
heimer and Mann,^® and Hewlett and Sweeney referred particularly 
to the first factor and Frey, Benjamin and Von Kapff,'^ and Ham- 
burger to the latter Bock,-® reporting thirty-five cases, laid emphasi§ 
on the value of rationing m insuring the maintenance of normal rhythm 

23 Oppenheimer, B S , and Mann, Hubert Clinical Experience with 
Quinidin in Auricular Fibrillation, J A M A 77 1800 (Dec 3) 1921 

24 Hamburger, W W Effects of Administration of Quinidin Sulphate m 
Auricular Fibrillation, J A M A 77 1797 (Dec 3) 1921 

25 Bock, G Med Kim 17 1052, 1921 
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Frey, in particular, concluded that theie was great relief to the patient 
with restoration of normal mechanism Nearly all investigators favor 
previous digitalization in cases with failuie and apparently consider that 
this does not hinder the action of qumidin The observation of Bock 
that the drug is particulaily indicated in hypertonia and peripheral 
arteriosclerosis was not confirmed by the observations of this senes 
The observation of one writer that valve lesions were unfavorable to 
restoration was not confirmed 

QUINIDIN IN PAROXYSMAL FIBRILLATION AND FLUTTER 

At the Massachusetts General Hospital eight cases of paroxysmal 
auricular fibrillation and one case of paroxysmal auricular flutter have 
been treated with quinidin Because of the variability in frequency 
and length of paroxysms without treatment, conclusions should only 
be drawn in this type of case after long periods of observation Hence, 
a detailed report of these cases will not be made at this time 

After some experimentation with dosage 04 gm of quinidin sul- 
phate daily seemed the average effective dose If an attack occuired 
in spite of this dosage two or three similar additional doses at two 
hour intervals were given at the onset of the attack This daily dose 
continued for a period of months in several cases and failed to produce 
any obseivable ill effects, except transient deafness m one case 

In the one case of paroxysmal flutter treated, quinidin was ineffec- 
tive and was discontinued In two of the cases of paroxysmal fibrilla- 
tion the attacks have almost completely ceased since the administiation 
of quinidin These patients are most enthusiastic 

Four other patients under shorter periods of observation seem much 
improved In the other two cases, the data are at present incomplete 
The observations to date give the impression that quinidin will prove 
of much value in the tieatment of paroxysmal auricular fibrillation 

Notes on Cases of Prematwc Beats — Only three cases' of premature 
beats (in absence of fibrillation) have been given quinidin, in one no 
benefit was obtained, in a second the abolition of the premature beats 
seemed to be associated with a rise in ventiicular rate and reappeared 
as the rate decreased , in the third case quinidin seemed of definite 
value It is to be noted that in ten of the cases of “permanent” 
auricular fibrillation, ectopic beats persisted after the restoration of 
normal rhythm and this despite the considerable dosage of quinidin 
that had been given 

Notes on Cases of Heaif Block — Quinidin given in one case of 
complete N V heait block produced no observable effect, toxic or 
therapeutic In one case of partial A V block quinidin dropped beats 
became more frequent, and symptoms of the Stokes-Adams type more 



362 


ARCHIVES OF INTERNAL MEDICINE 


marked Two cases of the fibrillation series and one of the premature 
beat cases showed bundle branch block before the admimstration of 
quinidin, this showed no change under the drug Quinidin produced 
transient bundle branch block in two cases and intraventricular block 
of the aberration type m four cases of the fibrillation series 

The drug seems to be of no value m heart block and may, on the 
contrary, be distinctly harmful 

SUMMARY AND CONCLUSIONS 

A Nonparoxysmal (“Chiomc,’" “Peunxinent’' ) Aiinculm Fibulla- 
fwn and Finite} — 1 Of the seventy-five largely unselected cases of 
nonparoxysmal auricular fibrillation or auricular flutter in this series, 
approximately two-thirds were restored to normal rhythm by quinidin 
and approximately one-third (twenty-six cases) still maintain normal 
rhythm 

2 Sex IS not an important factor in determining restoration or 
maintenance of normal rhythm 

3 Patients of different ages respond about equally well to quinidin 

4 Other factors being equal the rheumatic and arteriosclerotic types 
of heart disease respond to the drug equally well The presence or 
absence of valvular disease m itself is not an important factor m 
determining response to quinidin Too few cases of thyroid etiology 
have been treated to determine the relative response of these cases 

5 The duration of the heart symptoms is of importance as a factor 
in determining response only so far as it is associated with two other 
factors the duration of auiicular fibrillation and the degree of con- 
gestive failure 

6 The most important factor in determining both restoration of 
normal rhythm and its maintenance is the duration of the auricular 
fibrillation Cases with fibrillation of short duration (under six 
months) are mot only more likely to be restored to normal mechanism 
but are much more likely to maintain it even without rations, and, as 
a rule, give the best clinical results 

7 The second most important factor in determining response to 
quinidin is the presence or absence, past or present, of objective con- 
gestive failure Cases with objective failure are restored to normal 
rhythm about as frequently as those without such failure , the former, 
however, relapse very much more frequently 

8 All cases showing objective congestive failure or tachycardia 
should probably be digitalized before beginmng quinidin treatment 
So far as was observed such digitalization does not hinder the response 
to quinidin, and by reducing the degree of failure favors response and 
may prevent untoward results 
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9 Though most cases responding to quinidin do so with small 
dosage, many of the most satisfactor}’- cases require large dosage This 
IS apparently independent of the duration of fibrillation 

10 Proper rationing with quinidm after restoration of normal 
rhythm will probably reduce the number of relapses 

11 Embolism and sudden death (possibly also due to embolism) 
occurring under quinidm therapy are probably most likely to occur in 
cases with fibrillation of long duration and those where there is objec- 
tive congestive failure at the time or m the past Hence, the cases 
most likely to yield serious untoward results are the cases least likely 
to obtain a maintained normal rhythm from quinidm 

12 A fair percentage of cases, particularly those with recent fibi il- 
lation and little oi no objective congestive failure, receive definite benefit 
from restoration of normal rhythm-benefit apparently additional to 
that obtainable from digitalis alone The clinical results appear to 
justify the use of the drug in cases with fibi illation of shoit duration 
and with little or no congestive failure In this type of case untoward 
results are probably no more common than undei the othei methods 
of treatment For the present quinidm should probably not be used 
m a routine way m other types of cases For the present, at least, 
qumidm should be used m hospitals where careful obseivation and 
electrocardiographic control is possible 

B Paioxysinal Awiculai F'lhullatwn — Quinidm will probably 
prove of much value in the prevention and treatment of paroxysmal 
auricular fibrillation 

C Premature Beats and Heait Bloek — The data at present avail- 
able are inconclusive regarding the value of qumidm m treating cases 
with premature beats 

Qumidm is not indicated for the treatment of heart block 



ENLARGEMENT OF HEMAL NODES ^ 

MAX LEDERER, MD 

BROOKLYN, N Y 

Extraordinary enlargements of the hemolymph or hemal nodes are 
extremely rare These structures, normally present in the human body, 
almost always of minute size, are usually overlooked in the postmortem 
examination Comparatively few references are found in the literature 
calling attention to these most interesting tissues They were first 
described by Lydig in mammals, i e , in the hog and sheep, in 1857, 
and by H Gibbs in the human being in 1884 The results of systematic 
examination for these bodies in the human being were first described 
by Warthin^ in 1901, and Meyer - made an elaborate study of these 
bodies in the sheep in 1908 In the article by Warthin passing men- 
tion of hemolymph nodes is made by pathologists of note who regarded 
them as of no great significance 

The discoverers of these structures named them hemolymph nodes 
because of their appearance and microscopic structure Warthin, how- 
ever, apparently considers the blood vascular elements, both anatomic- 
ally and functionally, as the predominant characteristics and suggests 
as a fitter designation “hemal nodes ” 

These nodes in the normal state exist as small bodies, very tiny in 
size, deeply imbedded in the prevertebral fat, lying near a large blood 
vessel, usually a vein They are situated, as a rule, near the renal 
vessels, or in the prevertebral fat of the abdomen or mediastinum In 
order to demonstrate them, Warthin recommends dissecting out the 
prevertebral fat en masse and holding it to the light, when the structures 
become visible as small red streaks or spots of blood Occasionally they 
occur as small nodules of soft consistency 

Because of their gross and so-called microscopic resemblance to 
splenic tissue, they have been regarded by some as spleniculae and, 
indeed, at least macroscopically, they may resemble accessory splenic 
bodies very closely However, their consistency is very much softer 
and they are much more collapsible than is splenic tissue In fact, 
so impressive to some observers is this resemblance, that a splenic 
relationship, morphologically and physiologically has been ascribed 
to them 

For a detailed anatomic and histologic description reference should 
be made to Warthin’s work Briefly, they vary in size from that of a 

From the Pathological Department of the Jewish Hospital 

1 Warthin Am J Anat 1 63, 1901 

2 Meyer Anat Rec 2 62, 1908 
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pinhead to a large cherry or almond Occasionally, because of ruptures 
they may be surrounded by blood or be imbedded m a blood clot and 
escape observation for that reason They are surrounded by fat and 
are always desciibed as lying in the posterior part of the thoracic or 
abdominal cavities They look like congested lymph nodes or accessory 
splenic bodies Their shape may be that of the spleen They are 
bluish gray or slate m color On section, the resemblance to splenic 
tissue IS quite marked The pulp is homogeneous, streaked here and 
there with trabeculae and spotted with dew drop-like malpighian bodies 
The parenchyma is surrounded by a well defined capsule 



Fis 1 — Hemal nodes, natural size 


Microscopically, the tissue is seen to consist of numerous blood 
sinuses lying m a mixture of connective tissue stroma and a variable 
amount of lymphoid tissue arranged diffusely or in follicles According 
to Warthin, the sinuses are traversed by connective tissue fibrils 
breaking them up into compartments, and m the latter he red and white 
blood cells 

Under normal conditions these structures are not numerous and if 
they are increased in number, many do not attain great size Svmmers “ 
describes two cases of tumors of the hemal nodes In the one case, 

3 Symmers, Douglas Primary Hemangiolymphoma of Hemal Nodes An 
Unusual Variety of Malignant Tumor, Arch Int Med 28 467 (Oct ) 1921 
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there was a chain of these structures in the pelvis, each from 2 to 
3 cm in size, and in the other, metaslases through various parts of 
the body 

Because of the unusual size and location of these structures in the 
following case, it is considered worthy of report 

REPORT OF CASE 

Hisfoiy — The patient (69942), aged 14 years, was admitted to the Jewish 
Hospital in the service of S R Blatteis, Dec 22, 1921 Her condition was des- 
perate, and she died within an hour after admission The history obtained was 
unsatisfactory and had no bearing on the findings 

Postmoitem Pioiocol — The cadaver was that of a young female, 4 feet 
2 inches tall, well developed and well nourished Opening the thoracic cavity 
revealed, m the region of the thymus gland, more than twenty varying sized, 
irregularly shaped, purphsh-red, soft masses which appealed collapsed They 
were situated in the anterior superior mediastinum and surrounded the ascending 
portion and arch of the aorta They were embedded m loose areolar tissue and 
had a generous blood supply The largest was 34 by 10 by 8 mm m size, the 



Figure 2 Figure 3 

Fig 2 — Hemal nodes natural size 
Fig 3 — Hemal nodes, natural size, cross section 


smallest was scarcely visible to the naked eye They varied much in shape, some 
were spherical, others elliptical, and still others were of a splenic form, with a 
distinct hilum and lobulations They were arranged in groups supported by a 
mass of loose areolar and adipose tissue and were joined to one another by 
rather large blood vessels One group was intimately attached by large 
tributaries to a big vein which entered the superior vena cava They were 
all purplish in color with a covering that was smooth and glistening except- 
ing at the part which might be called the hilum and to which the blood ves- 
sels were attached Their consistency was very soft and they felt as though 
they had been emptied of their contents, the impression being very different 
than that gained from the palpation of the congested lymph nodes 

Macroscopic Appearance — On section, the individual bodies were surrounded 
by a distinct thick capsule from which trabeculae arose to traverse the paren- 
chyma, but no lobular divisions in most were discernible Tbe cut surface pre- 
sented a spongy appearance and was also of a deep purplish color, small dew- 
drop bodies resembling malpighian corpuscles could be seen in a few areas The 
material scraped from the surface was deep purple and apparently consisted 
mostly of blood 











Fig 7 —Hemal node , general arrangement of sinuses and contents X 570 
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Micioscoptc Exammaiion — Sections were stained by htinatow liii-cosin, Van 
Giesen and Weigcrt’s elastic tissue methods Examination under low power 
reveals a mixture of highly vascular tissue and a number of small lound cell 
collections supported by a variable amount of connectne tissue strona The 
tissue IS enclosed in a thin capsule composed of a few strands of fibrous 
connective tissue From this capsule numerous thin fasciculi penetrate into 
the depths of the gland, some carrying blood vessels wnthin the bundles Scat- 
tered within some, there are a few collections of small round cells, neither 
clastic tissue nor the smooth muscle can be demonstrated wnthin the capsule 
Lying immediately beneath the capsule are many blood sinuses filled mostlj 
with red blood cells and a few wdiite cells The remainder of the gland is 
divided up into varying sized alveoli by rather dense fibrous connective tissue 
partitions These spaces are irregular in size and shape, assuming mostl> a 
spherical outline 

The trabeculae are composed of bundles of connective tissue fibers arranged 
in an irregular fashion and interlacing The fibers consist of long slender cells 
con'^aining a few elliptical nuclei, some bundles show'ing beginning hyahnization 
With the Van Giesen stain numerous fibrils arising from these trabeculae are 
seen to penetrate to within the body of the lobule and there form a connective 
tissue framew'ork, subdividing the lobule into numerous small spaces (Fig 8 ) 
These small spaces also vary in size and shape, being mostly circular The reticu- 
lum IS built up apparently from the connective tissue fibrils above described, tbe 
spaces actually being lined by flat endothelium The reticular fibers form w'alls 
which are common to adjoining spaces No elastic tissue or muscle could be 
demonstrated in these structures The content of the spaces is blood Within a 
few of these spaces are dense collections of small round cells resembling small 
lymphocytes These collections are penetrated by small vascular channels in 
an irregular fashion In only a very few can a definite reticulum be demon- 
strated by Van Giesen stain within the bodies of the follicles 

Although they resemble the follicles of lymph nodes, no germinal center 
or lymph sinuses could be demonstrated Within the body of these collections 
are scattered also a few large polyhedral cells containing a large chromatic 
nucleus, and within the protoplasm numerous pigment granules , they resemble 
macrophages The distribution and arrangement of the small round cells vary 
considerably, according to the part of the node examined although relativeh 
large groups are sometimes seen In no part does the lymphoid element pre- 
ponderate The striking feature of all the sections is the predominant pres- 
ence of the vascular element, in fact, in some places individual sinuses occupy 
the areas of several fields under low power magnification, and can easily be 
seen with the naked eye 

Careful studv of numerous sections failed to reveal any evidence of red 
blood cell destructicn In most instances the red blood cells are intact, and 
of normal shaoe and size, there are none of the evidences of red cell phago- 
cytosis or lysis, as usually seen in the spleen The resemblance to splenic 
structure is not as close as that described bv other observers There is 
nothing 111 the specimen that resembles splenic pulp The distribution and tbe 
character of the connective tissue framew'ork is entirely different and the 
v^ascular architecture is m no way comparable to that of the spleen As a 
whole the picture is that of a tissue composed of yarymg sized yascular chan- 
nels supported by connective tissue reticulum These channels divide and 
subdivide until they form either spaces or sinuses formed of a single layer of 
fibrous connective tissue and lined by' a layer of endothelium Together with 
this vascular tissue there are small round cells arranged either m organized 
groups distantly' resembling lymph follicles, or diffusely' scattered throughout 
the connective tissue stroma 

Evidences of red blood cell destruction were tborougbly searched for with 
the means available, but could not be demonstrated On the contrary as before 
stated, the red cells seem to present an unusual picture of preservation and m 
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addition there were noted a few red cells which appear to be nucleated Unfor- 
tunately, because of the method of fixation, special blood stains could not be 
made Also, because of the early death of the patient blood studies could not 
be made For these reasons this phase of the case could not be studied com- 
pletely However, the impression gained from a study of the specimen uould 
be more likely to lead to the conclusion that the picture is certainly not that 
of a blood destroying organ, but rather that it has to do with blood formation 

In the able description by Wartlim he states that the capsule and 
trabeculae contain smooth muscle and elastic fibers In our specimen 
the most diligent search failed to reveal the presence of either of these 
elements Perhaps, we must regard this fact as a sign of variation from 
the normal histology of the node, or as an evidence of pathology 

The remainder of the necropsy showed a very advanced mitral stenosis with 
the usual pathologic changes incident to the disease, chronic passive con- 
gestion of the lungs, liver, spleen and kidneys 

Comment — The pathology of hemal nodes has received but scant 
attention m the literature The only references available are those of 
Warthm who mentions changes in these structures, particularly m con- 
nection with the blood diseases such as pernicious anemia, leukemia, 
and Plodgkm’s Symmers repoits two cases of neoplasm arising from 
these structures, one with metastases 

With the incomplete data at hand regarding the history of this case, 
there is no indication of disease of any sort, excepting that the patient 
had acute anterior poliomyelitis at 2 years of age She was perfectly 
well, attending school up to about a week before admission, when after 
exposure to inclement weather she was suddenly taken ill and went to 
bed She was not treated by a physician and on response to an 
ambulance call, the intern found her lying in bed in critical shape She 
died of cardiac decompensation It seems hardly likely that the presence 
of the nodes contributed in any way to the attack which ended her 
life In other words, enlargement of these structures could not be 
explained by compensatory hyperplasia, to which Warthm calls attention 
in the disturbances of the hematopoietic system The presence of these 
masses can then be explained only on one or two bases, either a 
congenital anomaly or a neoplastic hypertrophy Examination of the 
speamen from the standpoint of a neoplasm fails to reveal any evidence 
of malignancy There are no evidences of metaplasia, nor were there, 
after careful search, any metastases 

In addition to the unusual size, the rather unusual location of the 
nodes must be considered All observers agree that the most common 
site of these structures is in prevertebral fat ^ The only mention of 
anterior mediastinal growths is that of Symmers’ metastatic growths 

4 Vincent and Harrison J Anat & Physiol 11 176, 1897 iIcCallum 
Textbook of Pathology, 1920, Ed 2, p 820 
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We have then, to deal with an ahnormal increase in size in an unusual 
location of tissue corresponding to the descriptions of hemal nodes I 
am inclined to regard this collection of structures rather m the light 
of a benign neoplastic hypertrophy of the hemolymph nodes than that 
of an anomaly Symmers calls his malignant tumor a primary 
hemangiolymphoma and regards it as a malignant neoplasm If the 
conclusion in this case is correct, similar tumors of benign nature exist 



STUDIES ON THE DETOXIFICATION OF CYANIDS 

I SOME FACTORS INFLUENCING THE DETOXII ICATION OF C\ ANIDS 

IN HEALTH AND DISEASE 

MEYER BODANSKY, M ^ 

WITH THC COOPERATION 01 

MOISE D LEVY, MD 

GALVESTON, TI \ 

In a recent publication, Sullivan and Dawson ^ present data indi- 
cating that the sulphocyanate content of the saliva is lower in pellagiins 
than in normal persons These authors found that in the active stage 
of the disease, when the patients are in a more or less cachetic condition, 
the potassium sulphocyanid (KSCN) formation is low Sullivan and 
Dawson suggest that the increased production of potassium sulphocyanid 
during the convalescent stage of pellagra is due to better assimilation, a 
higher protein metabolism, and presumably a greatei detoxifying powei 
of the system as a whole They state “Thus the work herein oulined 
shows that the increased production of sulphocyanate is not closely 
bound up with total nitrogen but is nioie probably a product of some 
endogenous activity perhaps of the synthetic, detoxifying activity 
of the liver, coupled with a greater assimilation of sulphocyanogetic 
complexes " 

It has been shown by Giober^ that the excretion of sulphocyanate 
IS very slight in cachetic or sick persons This is obviously associated 
with a diminished absorption of foods In the prognosis of gastric 
carcinoma, Fenwick ^ regards the total disappearance of potassium 
sulphocyanate fiom the saliva as a grave symptom The main factor 
responsible for the diminution in the sulphocyanate concentration of the 
saliva in this condition, apparently, is due likewise to the impaii ment of 
the digestive and absorptive functions Fenwick considers the forma- 
tion of potassium sulphocyanate to be dependent also on the metabolic 
activity of the hepatic cells He states that derangements in the function 
of the liver, as in phosphorus poisoning, acute yellow atrophy, and 
diffuse cirrhosis, are always accompanied by a diminished elimination 
of sulphocyanates Finally, m functional disorders of the salivary 
glands, the sulphocyanate content of the saliva is lowered 

* From the Laboratory of Biological Chemistry with the cooperation of the 
Department of Internal Medicine, University of Texas School of Medicine 

1 Sullivan, M X , and Dawson, PR J Biol Chem 45 473, 1921 

2 Grober, J A Deutsch Arch klin Med 49 243, 1901 

3 Fenwick, S , and Fenwick, W S Cancer and Other Tumors of the 
Stomach, London, 1902, pp 139, 229 
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Sulphocyanates are very probably formed as a result of the detoxifi- 
cation of cyanids, either ingested as such, or arising in metabolism 
According to Gies and Kahn,^ and Gies, Lieb and Kahn,® the adminis- 
tration to dogs of alanine, glycocol, and leucine, is followed by an 
increased production of sulphocyanate Willianen ° found that the 
ingestion by rabbits of glycocol, creatinin, creatm and adenin causes an 
increase in the urinary excretion of sulphocyanates That acetonitrile, 
madehc acid nitrile, and similar substances are rapidly converted into 
thiocyanates has been shown by Lang^ as well as by Gies and his 
collaborators On the other hand, Dezani’s ® investigations on the 
genesis of thiocyanic acid lead him to the conclusion that the sulpho- 
cyanic acid (HCNS), normally excreted by animals, is exogenous in 
origin He asserts that only a minute fraction of ingested aliphatic 
nitriles are capable of conversion into sulphocyanate in the animal 
organism 

The view expressed by Gscheidlen ° that sulphocyanic acid is formed 
in the salivary glands has been questioned by later investigators Gies 
considers the salivary glands organs of excretion rather than of 
secretion According to this author, the liver is the organ chiefly con- 
cerned in the production of sulphocyanate The earlier investigation of 
Pascheles demonstrated that the formation of sulphocyanic acid is not 
limited to the liver In a number of “in vitro” experiments, it was 
found that muscle tissue, though less active than liver, likewise was 
capable of transforming sodium cyanid into sodium sulphocyanate 

Disease is frequently associated with metabolic derangements For 
example, abnormal sugar tolerance curves are obtained in a large variety 
of pathologic conditions Apparently, this is due to an impairment of 
the “carbohydrate disposal mechanism” of the body The possibility 
suggests Itself that in disease other metabolic functions might be 
similarly affected If this were tiue in the case of the cyanid detoxify- 
ing function, it would account partially for the low sulphocyanate 
elimination in disease conditions An analysis of Sullivan and Daw- 
son’s data shows that the average sulphocyanate content of saliva 
collected in 30 minutes from twenty-one active pellagrins is 1 36 mg 
The average elimination of twenty-six convalescent pellagrins was 
found to be 2 55 mg Five normal subjects eliminated on an average 

4 Gies, W T, and Kahn M Dental Cosmos 55 40, 1913 

5 Gies, W T Lieb C C , and Kahn. M Dental Cosmos 56 175, 1914 

6 Willianen, K Biochem Ztschr 1 129, 1906 

7 Lang, S Arch exper Path u Pharmakol 34 247, 1894 

8 Dezani, S Arch farm sper 23 245, 1917, 24 113, 193, 1918, 25 83, 
278 1918 26 257, 1919 27 134, 1919 , 28 23. 1919 

9 Gscheidlen, cited in Abderhalden, Textbook of Physiological aieinistrv. 
New York 1911, p 250 

10 Pascheles, W Arch exper Path u Pharmakol 34 281, 1894 
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1 78 mg potassium sulphocyanale (KCNS) in thirty minutes A 
number of objections may be raised concerning the validity of con- 
clusions based on the analysis of individual saliva specimens Daily 
variations in the sulphocyanate elimination may be quite large As is 
well known, smokers excrete greater quantities of thiocyanates than 
nonsmokers In Sullivan and Dawson’s work there is no indication as 
to which of the subjects were smokers and which were nonsmokers 
It IS also to be noted that some of the individuals in the active pellagra 
group eliminated more sulphocyanate than some of the normals 

In undertaking the present study, our object was to deteimine 
whether m disease there is an impairment in the cyanide detoxifying 
capacity of the organism As far as we are aware, no functional test 
has been suggested hitherto for the determination of “cyanid tolerance ’ 
The principle of our method is based on the fact that the administration 
of small doses of potassium cyamd (KCN) results in a rapid increase 
in the sulphocyanate concentration of the saliva It is appieciated that 
the salivary glands are not the only organs concerned in the excretion of 
sulphocyanate This substance is excreted also in the urine and bile. 
Furthermore, the “salivary gland threshold” for sulphocyanates appears 
to be a peculiarity of the individual Unless the exci etory capacity of 
the salivary glands is determined adequately, it may be expected that 
analyses, only of the saliva, would afford insufficient data on vhich 
to base any deductions regarding the detoxifying capacity of the 
organism 

The excretion of sulphocyanates m the saliva after potassium cyarid 
administration is dependent on the following factors absorption of the 
cyamd from the ahmentaiy canal, the capacity of the organism to 
detoxify the cyamd — radicle, the functional capacity of the salivary 
glands in excreting potassium sulphocyanate The first facloi may 
be omitted from consideration because it is known that small quantities 
of cyanids are absorbed from vascular tissues with extreme rapidity 
Furthermore, there is no reason for assuming that different individuals 
would show significant variations in this respect If the third factor is 
controlled by determining the increased salivary elimination of potas- 
sium sulphocyanate after its ingestion as such, it becomes possible to 
study the second factor, namely, the cyanide detoxif}ing capacity of 
the organism 

METHODS 

Accoidingly, we adopted the following procedure On the first day 
of the test, the subject, after rinsing the mouth with water, collected 
a specimen of saliva, under the stimulus of chewing white paraffin vax, 
during a fifteen minute period (from 7 45 to 8 a m ) At 8 a m , 
a gelatin capsule, containing 15 mg potassium sulphoc}anate, was 
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swallowed, and the mouth again rinsed with water Specimens of 
saliva were collected, as before, during the following intervals from 
8 15 to 8 30, from 9 to 9 15, from 9 45 to 10, and from 
11 to 11 15 No food was eaten before or during the test and the 
subjects abstained from tobacco The sulphocyanate content of each 
saliva specimen was determined, the analyses being made in duplicate 

On the second day of the test, an initial specimen of saliva was 
again collected between 7 45 and 8am At 8 a m a gelatin 
capsule, containing 10 mg of potassium cyanid, was swallowed If 
10 mg of potassium cyanid were totally converted into potassium 
sulphocyanate, approximately 15 mg of potassium sulphocyanate 
would be formed Additional saliva specimens were collected during 
the same intervals as on the first day For our purposes, it was not 
necessary to control the diet of the subjects However, about the 
same type and quantity of food was eaten during the days of the test 

In the determination of sulphocyanates, an attempt was made first 
to use the Rupp-Schied ^^-Thiel method as employed by Sullivan 
and Dawson ^ This procedure proved too tedious In the case of 
saliva specimens of low potassium sulphocyanate concentration, the 
method was inadequate The sulphocyanate content of saliva can be 
determined with a fair degree of precision as well as with relative ease 
by means of the color reactions with ferric chlond and hydrochloric 
acid In our work, all the specimens collected from a given individual 
during the day were analyzed simultaneously In this way it was 
possible to compare each specimen not only with standard potassium 
sulphocyanate solutions, but with each other as well 

A stock standard solution was prepared by dissolving 1 gm of 
dry, pure potassium sulphocyanate in two liters of water The standard 
solutions were prepared by diluting the stock solution (1 c c =05 mg 
KCNS), to suitable volumes Standard solutions of the following 
concentrations were prepared 

1 Fivecc stock solution diluted to 50 cc (See =0 25 mg) 

2 One c c stock solution diluted to 25 c c ( 5 c c = 0 10 mg ) 

3 One cc stock solution diluted to 50 cc (5 cc =0 05 mg) 

4 One cc stock solution diluted to 100 cc (5 cc =0 025 mg) 

5 One cc stock solution diluted to 200 cc (5 cc =0 0125 mg ) 

From these standards it is possible to prepare other standard solu- 
tions whenever needed For example, dilution of standard No 2 with 
water in the proportion of 3 2 gives a solution, 5 cc of which is 
equivalent to 006 mg The colorimetric comparisons were performed 
as follows To 5 drops of 5 per cent ferric chlond and 4 drops of 1 

11 Rupp, E , and Schied, A Ber chem Gesellsch 35 2191, 1902 

12 Thiel, A Ber chem Gesellsch 35 2766, 1902 
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per cent hydrochloric acid, in a 150 cc casserole, 5 cc of filtered 
saliva were added After mixing, the color produced was compared 
with that obtained by adding standard potassium sulphocyana<e solu- 
tions to similar quantities of ferric chlorid and h} drochlonc acid This 
method has proved itself to be entirely adequate for the purposes of this 
investigation In view of the fact that substances interfering with the 
^olor reaction, such as salicylates, were excluded, no error from this 
souice was possible Interference due to aceto-acetic acid ^^as not 
observed in any of the several hundred analyses perfonned by us 
Nevertheless, as an additional measure of precaution, seveial drops of 
mercuric chlorid were added before discarding the solutions The 
color due to ferric sulphoc 3 ranate (Fe[CNS]i) leadily dispelled in 
this way 

In the present investigation, the test was applied to eight nonnal 
subjects (medical students) and seventeen patients, including thiee 
pellagrins The results are recorded in Table 1 Examination of the 
data reveals the fact that the capacity to detoxify small amounts of 
potassium cyanid was not impaired in the pathologic conditions studied 
by us It IS to be noted that variations in the initial sulphocyanate 
concentration of the saliva may occur in the same individual from day 
to day As a rule, the elimination of potassium sulphocyanate after 
potassium cyanid administration approximates that after potassium 
sulphocyanate ingestion The rapidity with which potassium cyanid is 
transformed in the organism is verj^ striking Within fifteen minutes 
after the ingestion of this substance, it is absorbed, detoxified, and its 
elimination in the saliva becomes apparent In this connection it is to 
be noted that one of the normal subjects (Lep ) showed an unusual 
delay in the detoxification of potassium cyanid 

The necessity for detei mining the excretory capacity of the saluary 
glands IS emphasized by the results obtained m the test on another 
normal subject (Ram ) In this case, the initial sulphocyanate concen- 
tration was 1 8 mg in 100 c c After the ingestion of 15 mg potassium 
sulphocyanate, the maximum increase was obtained in the i inter v.il 
(from 8 15 to 8 30) The potassium sulphocyanate concentration of 
the saliva was now 2 2 mg in 100 cc , an increase of only 0 4 mg A 
similar increase was obtained after the ingestion of 10 mg potassium 
cyanid In this instance, the highest concentration was reached during 
the inteival from 9 to 9 15 In view of this and other findings, it 
appears that like dosages of potassium sulphoc 3 '^anate or pota'^sium 
cyanid do not necessanly stimulate equivalent excretorv actnitv on the 
part of the salivary glands of different persons We behe\e that this 
IS one of the chief factors responsible for the wide ^anatlon in the 
sulphoc 3 '’anate concentration of the saliva m man 
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TABLE 1— Data Showing thi Erpcci or Potassium Sulphocyanatl and 
Potassium Cyanid Administration on the Sulpiiocyanate * 
Concentration or the Saliva 


Subject 

Time, A M 

First Hay 

Influence of KONS 

Second Day 

Influence of KCN 

KONS 

Ingested, 

Mg 

Volume 

Saliva, 

Oc 

KONS in 
100 C c 
Saliva, 
Mg 

m 



Whit 

T 45- 8 00 


39 

0 70 


36 

110 

Normal 

8 00 

15 



10 



(SmoLer) 

8 16- 8 30 


40 

200 


26 

2 20 

Male 

9 OO- 9 15 


32 

2 20 


45 

172 


9 45-10 00 


47 

180 


44 

100 


11 00-11 15 


38 

1 40 


40 

180 

Mil 

V 45- 8 00 


33 

1 40 


29 

140 

Normal 

8 00 

16 



10 



(NonsnioLer) 

8 15- 8 SO 


36 

1 66 


23 

190 

Male 

9 OO- 9 15 


34 

1 90 


23 

200 


9 45-10 00 


30 

1 90 


28 

100 


11 00-11 15 


27 

2 40 

1 

22 

160 

Lit 

V 45- 8 00 


30 

2 00 


22 

400 

Normal 

8 00 

15 



10 



(Smoker) 

8 15- 8 30 


23 

300 


24 

600 

Male 

9 OO- 9 16 


19 1 

3 60 


10 

650 


9 45-10 00 


19 1 

3 75 


18 

600 


11 00-11 15 


18 

3 30 


26 

400 

Lep 

7 45- 8 00 


21 

300 


15 

2 70 

Normal 

8 00 

16 



10 



(Smoker) 

8 15- 8 30 


24 

4 00 


16 

260 

Male 

9 00- 9 15 


i 35 

400 


52 

2 no 

Chronic con 



37 ! 

4 00' 


30 

3 50 

stipation 



i 36 ' 

450 


27 

300 

Earn 

7 45- 8 00 


27 

180 


29 

180 

Normal 

8 00 

15 



10 


(Smoker) 

8 15- 8 30 


28 

2 20 


29 

1 80 

Male 

9 00- 9 ID 


31 

200 


44 

2 20 


9 45-10 00 


29 

200 


40 

200 


11 00-11 15 


33 

200 

1 

33 ^ 

180 

Ada 

7 45- 8 00 


38 

4 00 


40 

4 00 

Normal 

8 00 

16 ' 



10 



(Smoker) 

8 15- 8 30 

4 

40 

400 

39 

4 00 

Male 

9 00- 9 15 


35 

4 40 


39 

500 


9 45-10 OO 


32 

4 40 


40 

500 


11 00-11 15 


25 

4 40 


28 

4 60 

Guy 

7 45- 8 00 


5i> 

130 



200 

Normal 

8 00 

15 



10 


(Nonsnioker) 

8 15- 8 30 


52 

1 44 

37 

2 70 

Male 

9 00- 9 15 


56 

1 40 


41 

2 92 


9 45-10 00 


49 

1 68 


48 

2 20 


11 00-11 15 


48 

2 00 


40 

2 40 

Col 

7 45- 8 00 


67 

0 44 

1 

61 

1 

080 

Normal 

8 00 

15 



10 

(Nonsmoker) 

8 15- 8 30 


52 

0 66 

60 

0 84 

Male 

9 OO- 9 15 


60 

056 


68 

1 06 


9 45-10 00 


60 

0 74 


50 

1 06 


11 00-11 15 


57 

0 74 


46 

1 10 

Cole 

7 45- 8 00 


76 

0 80 


7 5 

139 

Pellagra 

8 00 

35 



10 


Convalescent 

8 16- 8 30 


10 0 

1 40 

1.^ 0 

2 15 

(Nonsmoker) 

9 00- 9 15 


80 

2 00 


6 0 

4 76 

Female 

9 45-10 00 


66 

2 40 


33 0 

3 23 


11 00-11 15 


70 

2 00 


10 0 

3 20 

Eob 

7 45- 8 00 


47 

0 30 


63 

0 30 

Pellagra, 

8 00 

16 



10 

arthritis 

8 15- 8 SO 


41 

0 40 

42 

0 24 

(Smoker) 

9 OO- 9 15 


54 

0 42 


48 

060 

Male 

9 15-10 00 


61 

0 80 


47 

0 no 


11 00-11 15 


40 

0 70 


42 

0 76 


* It is probable that the sulphocyanate occurring In the body la not cntirelj in the 
form ol the potassium salt For convenience, i)OA\c\cr, all results have been computed 
in terms ol potassium sulpliocjanate 
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TABLE 1 — Data Sho;\ing the Effect of Potassium Sulphocvanate and 
Potassium Cyanid Administration on the Sulphocyanate 
Concentration of the Saliva — {Continued) 


Subject 

'liuit A M 

First Pay 

Influence of KCNS 

Second Paj 

Influence of KCN 

KCNS 

Ingested, 

Mg 

Volume 

Saliva, 

C c 

KCNS in 
100 C e 
Saliva, 
Mg 

KCN 

Ingested, 

Mg 

A olume 
Sali\ a, 
Cc 


Oal 

7 45- 8 00 


10 

0 40 


8 

0 40 

Active pellagra 

8 00 

15 



10 



(Smoker) 

S 15- 8 SO 


7 

1 60 


9 

0 80 

Male 

9 OO- 9 15 


10 

1 20 


5 

1 12 


9 45-10 00 


7 

060 


4 

112 


11 00-11 15 


7 

0 80 


4 5 

100 

Job 

7 46- 8 00 


60 

0 32 


^5 

0 44 

Arthritis, 

8 00 

15 



10 



pellagra 2 j ears 

8 15- 8 30 


34 

0 44 


43 

092 

ago 

9 00- 9 15 


45 

096 


39 

1 20 

(Nonsmoker) 

9 45-10 00 


60 

088 


46 

1 20 

Female 

11 00-11 15 


35 

1 OO 


30 

1 50 

Web 

7 45- 8 00 


22 

1 so 


38 

ISO 

Pernicious 

8 OO 

15 



10 



anemm 

8 15- 8 so 


14 

200 


20 

2 20 

(Nonsmoker) 

9 OO- 9 15 

I 

13 

4 40 


14 

i 1 SO 

Mule 

9 45-10 00 


23 

2 60 


16 

500 


11 00-11 15 


8 

2 60 


IS 

3 60 

Dalf 

7 45- 8 00 


18 

0 55 


10 

200 

Pernicious 

8 00 

15 



10 



anemia 

8 15- S so 


14 

0 55 


14 

3 20 

(Smoker) 

9 00- 9 16 


12 

0 65 


18 

4 00 

Male 

9 45-10 00 


12 

100 


5 

4 40 


11 00-11 15 


19 

0 80 


18 

400 

Amun 

7 45- 8 00 


13 j 

0 60 


10 

1 30 

Leprosy 

8 00 

15 



10 



Female 

8 15- 8 SO 


28 

2 40 


23 ' 

1 80 


9 OO- 9 15 


23 1 

2 40 

1 

20 1 

290 


9 45-10 00 


22 i 

170 


27 

2 40 


11 00-11 15 


1 21 1 

1 70 


27 

260 

Godd 

7 8 00 


25 

1 50 


S3 

200 

Leprosy 

8 00 

15 



10 



(Smoker) 

8 15- 8 so 


41 

2 20 


33 

; 260 

Male 

9 00- 9 15 


40 

2 40 


50 

3 40 


9 45-10 00 


37 

2 40 


31 

300 


11 00-11 15 


37 

200 


41 

j 2 60 

Oort 

7 45- 8 00 


37 

2 00 


20 

1 2 40 

Leprosj 

8 00 

15 



10 


1 

Female 

8 15- 8 so 


25 

280 


SO 

, 4 20 


9 OO- 9 15 


25 

3 70 


16 

3 40 


9 45-10 00 


SO 

3 30 


37 

, 3 40 


11 00-11 15 


38 

300 


SO 

3 30 

1 

How 

7 45- 8 00 


38 

0 40 


36 

1 0 50 

Congestion of 

8 00 

16 



10 



liver, passive 

8 15- 8 so 


41 

064 


31 

0 60 

(Smoker) 

9 00- 9 15 


25 

0 70 


45 

1 40 

Male 

9 45-10 00 


24 

064 


35 

1 90 


11 00-11 15 


33 

0 70 


SO 

1 SO 

Val 

7 45- 8 00 


34 

160 


28 

1 so 

Congestion of 

8 00 

15 



10 



liver, passive 

8 15- 8 SO 


-.4 

1 84 


31 

200 

Female 

9 00- 9 15 


35 

2 20 


29 

2 60 


9 45-10 00 


34 

280 


27 

300 


11 00-11 15 


30 

360 


28 

3 00 

O’Br 

7 45- 8 00 


26 

056 


15 

1 10 

Cholangitis, 

8 00 

15 



10 



acute, arsenical 

8 15- 8 30 


31 

096 


38 

1 20 

(Smoker) 

9 OO- 9 15 


46 

0 60 


35 

1 40 

Male 

9 45-10 00 


33 

1 00 


17 

1 00 


11 00-11 15 


43 

1 10 


53 

1 1 20 

1 


t In this patient, the second daj'’s test -was applied one dav lolloping blood trnn'^fusion 
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TABLE 1— Data Showing the Effect of Potassium Sulphoct. anate and 
Potassium Cyanid Administration on the Sulphocyanate 
C oNCENTRAiioN OF THE Saliva — (Conhnued) 


Subject 

Time, A M 

First Daj 

Influence of KCNS 

Second Day 

Influence of KON 

KCNS 

Ingested, 

Mg 

1 Volume 
Saliva, 
Cc 

KCNS in 
100 C c 
Saliva, 
Mg 

1 KCN ' 
Ingested, 
Mg 

1 

Volume 1 
Saliva, 
Oc 

1 

1 KCNSm 
100 Oc 

1 Saliva, 

1 Mg 

Amel 

7 45- 8 OO 


21 

160 


18 

2 40 

Tuberculous 

S 00 

15 

1 

1 

1 10 

1 

1 

peritonitis 

8 15- 8 so 


22 

1 so 


' 17 

2 40 

Female 

9 00- 9 15 


25 

3 50 


31 

300 


t 9 45-10 00 

1 

1 25 

2 40 


16 

4 00 


11 00-11 15 


24 

200 


16 

300 

Jac 

1 7 45- 8 00 


20 

0 80 


23 

0 55 

Diffuse hepatic 

8 00 

1 15 


1 

10 



cirrhosis 

8 15- 8 so 

1 

11 

2 60 


20 

OEO 

(Smoker) 

9 OO- 9 15 

1 

0 

2 60 


9 

2 60 

Male 

9 45-10 00 


7 

2 80 


6 

280 


11 00-11 15 


13 

i ^ 


15 

140 

wn 

7 45- 8 OO ' 

1 

30 

2 00 

1 

28 i 

2 70 

Arthritis 

8 OO 

15 I 



10 



‘"Nonsmoker) 

8 15- 8 so 


31 

2 90 


24 

2 70 

Male 

9 00- 9 15 


37 

2G0 


25 

390 


9 45-10 00 


28 

2 80 


28 

360 


11 00-11 15 


16 

3 SO 

1 

33 

1 

380 

Norr 

7 45- 8 00 


14 

2 40 


23 

SCO 

Diabetes 

8 00 1 

15 1 



10 

1 


(Nonsmoker) 

8 15- 8 30 


14 1 

S20 


40 i 

200 

Female 

9 00- 9 15 


22 

4 00 


34 

300 


9 45-10 00 


23 

280 


15 

4 OO 


11 00-11 15 


31 1 

2 00 


31 

200 

Derr 

7 45- 8 OO 


31 ' 

S20 


22 

3 40 

Gastric cat 

8 OO 

15 1 


! 

10 



cinoma 

8 15- 8 30 


30 

3 20 


23 

460 

Female 

9 00- 9 15 


21 

5 00 


24 ! 

360 


9 45-10 OO 

- 

33 

5 00 


21 

4 CO 


11 00-11 15 


32 

1 

4 00 


26 

4 40 


Of especial interest are the lesults obtained in the case of one of the 
patients (Cal ), with acute pellagra, of the systemic type The adminis- 
tration of 15 mg of potassium sulphocyanate caused an increase from 
0 4 to 18 mg of potassium sulphocyanate m 100 c c of saliva This 
was followed by a gradual decrease On the other hand, the ingestion 
of 10 mg of potassium cyanid produced an effect that was not quite as 
marked This might be interpreted, perhaps, as an indication of a 
lowered detoxifying power We do not believe, however, that the 
failure to transform the potassium cyanid rapidly was due to a dis- 
turbance in the detoxifying activity of the liver or of any other organ, 
but rather to a deficiency in available mercapto yielding substances 
As will be shown in another connection, when the administration of 
potassium cyanid was preceded by the ingestion of 1 gm of cystin, the 
patient exhibited a normal ability to detoxify cyanids 

In various hepatic disturbances, we failed to observe any abnormali- 
ties in cyanid tolerance Significant is the fact that the patient with 
diffuse hepatic cirrhosis (Jac ) showed a normal capacity to convert 
potassium cyanid into sulphocyanate ^ 
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Table 2 and Chart 1 ha-ve been prepared for the purpose of summar- 
izing the results thus far obtained and for comparing the respon-^e of 
sick and healthy persons to potassium sulphocyanate and potassium 
cyanid administration The average initial sulphocyanate concentiation 
was lower in the patients than m the normals Fifteen minutes aftei 
the ingestion of 15 mg of potassium sulphocyanate, there was an 
average increase of 044 mg and 0 54 mg of potassium sulphocyanate 



Chart 1 — The average curves showing the increased salivary e'^cretion of 
sulphocyanate in normals and patients following the administration of potas- 
sium sulphocyanate and potassium cyanid (Broken line — effect of potassium 
sulphocyanate, solid line — effect of potassium cyanid) 

m 100 c c of the saliva of the healthy and sick persons, respectively 
The ingestion of 10 mg potassium cyanid caused, after fifteen minutes, 
an average increase of 0 39 mg potassium sulphocyanate m 100 cc of 
the saliva of the eight normals The a\erage increased concentration in 
the saliva of the seventeen patients amounted to 0 43 mg At the end 
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of one hour the average sulphocyanate concentration of the patients’ 
saliva slightly exceeded that of the normals From this it is to be 
concluded that in disease the low sulphocyanate elimination is ordinarily 
due, not to a derangement in the detoxifying capacity of the organism, 
but more likely to a lowered protein intake and metabolism 

A brief study was made to determine the influence of fatigue of the 
salivary glands on potassium sulphocyanate excretion Schneider has 


TABLE 2 — Data Showing the Response of Sick and Healthy Persons to 
Potassium Sulphocyanate and Potassium Cyanid Administration 



Influence of KCNS 


Influence of KCN 


Time 

KCNS 

KCNS m 100 O c 

Saliva 

KCN 

KCNS m 100 C c 

Saliva 


Ingested, 

1 



Ingested, 












Mg 



Total 

1 Mg 

i 

Normals 



(8) 1 


(25) 

(8) 



V 45- fi 00 

8 OO 

15 

1 91 

122 

1 44 


2 23 

162 

181 

8 15- 8 so 


2 35 

176 

195 


262 

2 05 

223 

9 OD- 9 15 


2 48 

2 35 

2 39 


2 86 

290 

2 82 

9 45-10 00 


2 53 

212 

2 25 


2 74 

2 93 

2 87 

11 00-11 15 


2 59 

1 

195 

216 


2 52 

2 59 

2 57 


TABLE 3 — Data Showing the Periodic Variation in the Excretion of 

Sulphocyanate in the Saliva 


Sub 

jeot 

7 45-8 OO 

8 15-8 SO 

9 00-9 15 

9 45-10 00 

11 00-11 15 

Remarks 

Vol 

Co 

Mg m 
100 Cc 

Vol 

Cc 

Mg in 
100 C c 

Vol 

Cc 

Mg in 
100 Cc 

Vol 

Cc 


Vol 

Cc 


Bam 

85 

114 

32 

1 14 

40 

0 70 

40 



060 

Normal 

Gay 

41 

180 

41 

180 

88 

180 

47 

120 

42 

1 20 

Norma! 

Col 

50 

0 50 

55 

0 40 

42 

0 40 

74 


61 

0 30 

Normal 

Cal 

13 

0 44 

10 

0 36 

10 

0 40 

75 

0 40 


0 40 

Pellagra 

Web 

31 

2 60 

20 

2 40 

12 

260 

15 

2 60 

25 

2 80 

Pernicious anemia 

Dal 

12 

1 90 

9 

1 80 

10 

1 70 

9 

1 70 

14 

170 

Pernicious anemia 

Amun 

17 

1 60 

18 

1 20 

12 

1 40 

11 

1 40 

11 

100 

Leprosy 

Cort 

31 

2 20 

43 

2 00 

39 

2 30 

45 

Km 

— 

200 

Leprosy 

Val 

28 

2 10 

26 

2 10 

27 

2 30 

20 

2 30 

27 

2 20 

Congestion of liver 

How 

38 

090 

45 

060 

35 


41 


53 

056 

Congestion of liver 

O’Br 

40 

1 SO 

35 

1 60 

41 


40 

1 50 

55 

1 40 

Cholangitis 

Amel 

15 

2 60 

20 

2 60 

17 

K :[il 

17 

2 60 

16 

2 60 

Tuberc peritonitis 

Jac 

11 

0 72 

4 

0 68 

6 

Ki isfl 

7 

0 60 

7 

060 

Dif hepatic cirrho 

Wil 

35 

260 

47 

2 70 

46 


30 

2 60 

35 

2 40 

Arthritis 

Norr 

40 

2 00 

30 

200 

37 

2 20 

23 

2 20 

27 

2 20 

Diabetes 

Derr 

15 

3 00 

50 

300 

25 

290 

22 

SCO 

34 

300 

Gastric carcinoma 

Aver 

28 3 

1 74 

30 3 

1 65 

27 3 

169 

28 4 

1 60 

30 4 

1 56 



shown that the excretion of sulphocyanate may be diminished con- 
siderably by prolonged stimulation of the salivary glands In one case, 
the flow of saliva was continuously provoked by chewing paraffin This 
resulted in a decrease of the potassium sulphocyanate concentration 
from 0 004 per cent at 8 18 a m to 0 002 per cent at 11 a m We 
have determined the periodic variation in the sulphocyanate elimination 
in the case of sixteen of the twenty-five subjects — three normals and 
thirteen patients The sain a was collected during the same intervals as 


13 Schneider, E C Am J Phjsiol 5 276, 1901 
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before, no food being taken on the morning of the test The results 
(Table 3) show that usually the initial sain a specimen has a slighth 
greater potassium sulphocyanate concentration than the specimens 
collected during the subsequent time intervals Ne\ertheless, u is clcai 
that resting the glands aids in the maintenance of the potassium 
sulphocyanate concentration of the saliva at a fairly constant level 

Infltience of Cysfin Feeding on the Detoxification of Potasnum 
Cyamd — The foimation of sulphocyanate m the body appears to he 
due to a conjugation of cyamd and meicapto groups It seems that the 
most important factor is the metabolic supply of the cyamd — radicle 
Gies, Lieb and Kahn tested the eftect of mercapto yielding substances, 
including cystin, on sulphocyanate production and distribution in the 
animal organism Crude cystin was fed to a dog for seven daj’^s This 
produced but an insignificant increase m the sulphocyanate content of 
the urine However, the liver of the experimental animal was found 
to cpntain more potassium sulphocyanid than the livers of the control 
animals 

We have studied the effect of feeding pure cystin on the formation 
of sulphocyanate and the detoxification of potassium cyamd in three 
normal subjects and twelve patients In determining tbe influence of 
cystin, the subject collected an initial specimen of saliva between 7 45 
and Sam At 8 a m , 1 gm cystin, mixed with oatmeal oi sonic 
other cereal, was ingested Additional saliva specimens were collected 
during the inteivals fiom 8 15 to 8 30, from 9 to 9 15 , from 9 45 to 
10, and from 11 to 11 15 On the following day, the eflect of cystin 
on the detoxification of potassium cyamd was determined An initial 
saliva specimen was collected again from 7 45 to 8 The cy-^tin was 
ingested, as before, at 8 a m From 8 15 to 8 30, a second specimen 
of saliva was collected At 8 45, 10 mg of potassium cyamd weie 
administered m a gelatin capsule Three more saliva specimens were 
collected during the intervals from 9 to 9 15, from 9 45 to 10, and 
fiom 11 to 11 15 The results of the analyses of the salua are 
recorded in Table 4 

The ingestion of cystin usually produced no eftect on the sulpho- 
cyanate concentiation of the saliva In a number of subjects, however, 
there occurred, as a result of cystin feeding, a marked increase in 
sulphocyanate elimination This appeared to be especially marked in 
the case of a convalescent pellagrin (Cole) If the administration of 
potassium cyamd is pieceded by the ingestion of cystin, the output of 
sulphocyanate in the saliva is considerably increased The eftcct is 
much more pronounced than that produced when potassium cyamd alone 
IS administered The averages computed from the results of these 
expeiiments are presented in Table 5 and Chart 2 It ^\lll be observed 
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TABLE 4 — Data Showing the Effect or Cystin Upon Sulphocyanate 
Excretion and Potassium Cyanid Detoxification 





First lDa\ 

Second Day 



Influence of Cystin 

1 

Influence of Cystin + KCN 

Subject 

'lime, \ M 

Cystin 

Volume 

1 KCNSm 

C^ stin 

Volume 

KCNS m 


Ingested, 

Sah\ a. 


or KCN 

Saliva, 

100 Cc 



Gm 

Cc 

Saliva, 

Ingested 

C c 

Saliva, 





Mg 



Mg 

Whit 

7 45 8 00 


28 

1 50 


30 

1 90 

Normal ' 

8 00 

1 



1 gm 



Male 

8 15- 8 so 

8 45 


33 

160 

10 mg KCN 

37 

1 60 


9 OO- 9 15 


so 

1 54 


32 

3 20 


9 45-10 00 


34 

160 


34 

310 


11 00-11 15 


27 

1 so 


38 

1 CO 

Bam 

7 45- 8 00 


27 

170 


30 

1 20 

Normal 

8 00 

1 



1 gm 



Male 

8 15- 8 so 


31 

1 60 

27 

104 


8 45 

9 OO- 9 15 


40 

1 60 

10 mg KCN 

32 

181 


9 45-10 00 


46 

1 60 


39 

1 SO 


11 00-11 15 


45 

1 52 

1 

38 

1 70 

Guy 

7 45- 8 00 


53 

2 30 


44 

2 00 

Normal 

8 00 

1 



1 gm 



Male 

8 15- 8 so 


44 

2 30 

48 

170 


8 45 

9 OO- 9 15 


44 

2 so 

10 mg KCN 

43 

3 10 


9 45-10 00 


42 

210 


46 

300 


11 00-11 15 


51 

200 


42 

2 40 

Col 

7 45- 8 00 


' 30 

152 


7 

3 80 

Pellagra 

8 00 

1 ! 



1 gm 


Female 

1 8 15- 8 so 

1 

i 

1 1 52 

6 ' 

4 01 

1 

8 45 

9 00- 9 15 

^ 1 

11 

2 20 

10 mg KCN 

7 

8 57 


9 45-10 00 


5 

300 


6 

500 


11 00-11 15 


18 

1 28 


11 

518 

Bob 

7 45- 8 00 


47 

0 44 

! 

48 

0 30 

Pellagra, 

8 00 

1 


1 gm 

arthritis 

8 15- 8 so 


44 

0 44 

43 

OCO 

Male 

S 45 



10 mg KCN 


9 OO- 9 15 

1 

43 

0 44 

45 

0 56 


9 45-10 00 


35 

0 42 


43 

0 56 


11 00-11 15 


42 

0 40 


43 

0 54 

Cal 

7 45- 8 00 


7 

0 60 


5 

100 

Pellagra 

8 00 

1 


1 gm 


Male 

8 15- 8 SO 

8 45 


5 

0 60 

12 

060 

10 mg KCN 


9 OO- 9 15 


5 

0 48 

1 15 

0 80 


9 45-10 OO 


6 

I 0 72 


' 10 

1 so 


11 00-11 15 1 


5 

0 72 


9 

1 60 

Joh 

Arthritis 

7 45- 8 OO 

8 00 

1 

38 

0 80 

1 gm 

25 

0 60 

pellagra 

8 15- 8 30 


33 

080 

28 

0 60 

2 jears ago 

8 45 




10 mg KCN 


y OO- y 15 


33 

092 

' 21 

1 £8 


9 45-10 CO 


25 

1 00 


33 

1 SO 


11 00-11 15 


57 

0 76 


49 

1 76 

Amun 

Leprosj 

7 45- 8 00 

S 00 

1 

8 

1 60 

1 gm 

15 

2 20 

Female 

8 15- 8 so 


18 

140 

16 

1 80 


8 45 

9 OO- 9 15 


18 

150 

10 mg KCN 

23 

S 40 


9 45-10 OO 


15 

1 50 


10 

s 70 


11 00-11 15 


17 

1 20 


24 

2 70 

Godd 

7 45- 8 OO 


29 

2 60 


50 

0 40 

I eprosj 

8 OO 

1 


1 gm 


Male 

8 15- 8 so 

8 45 


35 

2 60 

45 

2 40 

10 mg KCN 


9 00- 9 15 


35 

2 60 

45 

3 00 


5 45-10 00 

11 00-11 15 


31 

21 

2 80 

2 80 


43 

30 

3 80 

3 50 
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TABLE 4 — Data Showing the Eifect of Ostin Upon Seiphoc^ w \te 
Excretion and Potassium Cyanid Dftomficvtion— (C o/i/oiirrif) 


Subject 

Time, A M 

First Da\ 

Influence of Oistin 

Second D ij 
Influence of Cjstin 

KCN 




C\stin 
or KCX 
Ingested 

Volume 1 
Saliva, 
Cc I 

1 

KCNS in 
100 Cc 
S^ll^ a. 

Mg 

Cort 

T 4&- 8 00 


2C 

250 


■iO 

2 20 

Leprosy 

8 00 

1 



1 gm 



remnle 

8 F>- 8 30 


33 

2 50 


13 

2 -0 


8 45 




10 mg KCN 




9 00- 9 15 


41 

2 50 


25 

; 3 00 


9 45-10 OO 


36 

2 40 


25 

4 40 


11 00-11 15 


26 

2 80 


27 

4 OO 

Hoy 

7 45- 8 00 


27 

0 80 


35 

1 00 

Oongcstion of 

8 OO 

1 



1 gm 



liver, pissi\o 

8 15- 8 30 


44 

1 00 


35 

0 70 

(Smokei) 

8 45 




10 mg IvCX 



Male 

9 OO- 9 15 


30 

080 


34 

1 080 


9 45-10 00 


46 

0 75 


12 

, 1 ’0 


11 00-11 15 


44 

0 60 


27 

1 50 

Val 

7 45- 8 00 


i 

31 

1 90 


28 

2 00 

Congestion of 

8 00 

1 



1 gm 



liver, passive 

8 15- 8 30 


30 

1 60 


26 

2 00 

Female 

8 45 




10 mg KCN 




0 00- 9 15 


26 

1 40 

1 

27 

i 4 40 


9 45-10 00 


50 

1 40 


20 

1 3S0 


11 00-11 15 


21 

1 50 


27 

3 40 

O’Br 

7 45- 8 00 


37 

200 


42 

1 10 

Cholangitis 

8 00 

1 



1 gm 



(Smoker) 

8 15- 8 30 


25 

1 00 


36 

1 10 

Male 

8 45 




10 mg KCN 




9 00- 9 15 


37 

1 10 


10 

1 % 


9 45-10 00 


46 

1 no 


45 

1 50 


11 00-11 15 


30 

1 40 


52 

1 50 

Amel 

7 4')- 8 00 


14 

2 60 


18 

2 20 

TTiborculous 

8 00 

1 



1 gm 



peritonitis 

8 15- 8 30 


28 

2 00 


23 ' 

200 

Female 

8 45 




10 mg KCN 




9 00- 9 15 


18 

2 50 


19 

3 60 


9 45-10 00 


18 

2 00 


16 

1 5 00 


11 00-11 15 


12 

300 


10 

4 00 

Norr 

7 45- 8 00 


33 

2 60 ^ 


28 

i 2 00 

Diabetes 

8 00 

1 



1 gm 



Female 

8 15- 8 30 


30 

2 00 


25 

1 00 


8 45 




10 mg KCN 




9 00- 9 15 


26 

2 00 


25 

2 70 


9 45-10 00 


IS 

3 60 


32 

3 SO 


11 00-11 15 


26 

3 60 


10 

4 SO 


TABLE S — Data Showing the Average Effect of Feeding C\stin on thf 
Excretion of Sulphocyanate and the Detoxification oi 
Potassium Cyanid 


Time 

Influence of Cjstin 

Influence of C\=tin KCN 

Cj'stin 

Ingested 

Gm 

j KCNS m 100 C c 

Sali\ a 1 

Cystin 
or KCN 
Ingi'Jtod 

KCNS in 100 Cc 

Salija 

Normals 

(3) 

Patients 

(12) 

Total 

(15) 

Normals 

(3) 

Patients 

(12) 

Total 

(151 

7 45- 8 00 


1 83 

1 66 

1 70 


1 73 

1 7t 

1 74 

8 00 

1 




1 gm 




8 15- 8 SO 


1 S3 

1 46 

1 53 


1 45 

1 61 

1 55 

8 45 














KCN 1 




9 00- 9 15 


1 81 

1 56 

1 61 


2 70 

2 93 

o CO 

9 45-10 00 


1 77 

1 81 

1 SO 


2 63 

3 03 

2 o't 

11 00-11 15 


1 61 

1 69 

1 67 


1 1 00 

1 ■ 


1 2 72 
















386 


ARCHIVES OF IN TERR AL MEDICINE 


that in the case of the normal subjects, cystm produced no effect on the 
sulphocyanate excretion in the saliva The gradual slight dec^'ease in 
concentration was obviously due to fatigue of the salivary glands or to 
the removal of some potassium sulphocyanid from the circulation In 
the patients the effect was somewhat different The average potassium 
sulphocyanid concentration of the second specimen was lower than that 



Chari 2 — The average cur'ves showing the effect of feeding cvstin (broken 
line) on the excretion of sulphocyanate in the saliva The influence of cystm 
on the detoxification of potassium cy^anid is represented by the solid lines 


of the initial saliva specimen Then there followed a measureable 
inciease, the maximum being reached during the interval from 9 45 
to 10 The explanation suggesting itself is that the supply of sulphur 
yielding complexes before the administration of the cystm was insuf- 
ficient to combine with all the a\ ailable cyanid radicles That in disease 
the cvanid detoxifying power remains unimpaired, provided the supply 
of cystm IS adequate, is made clear by the results of our experiments 
in which both cystm and potassium cyanid were administered As in 
the case of the tests with cystm alone, the potassium sulphocyanid 
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elimination, in some instances, was lower during the ‘:econd time 
inten^al than during the first Forty-five minutes were allowed for 
the partial absorption of the cystin Ten milligrams of potassium 
cyanid were then swallowed In this way an amp’e available suppl) 
both of cyanid and mercapto radicles was assured Conjugation occurred 
rapidly, as is evident from the fact that the average potassium sulpho- 



Chart 3 — The curves represent the results obtained m a study of the cjanid 
detoxifying capacity of one of the patients (Cal ) vith an acute case of pellagra 

cyanid concentration of the saliva, collected from fifteen to thirty 
minutes after the administration of the potassium cyanid, was 83 per 
cent greater than that of the preceding specimen 

It IS hoped that this work will be extended to the study of other 
pathologic conditions The researches of Reid Hunt are of especial 
interest in this connection This author found that the ingestion of 
thyroid by mice increased their resistance to acetonitrile On tlie other 
hand, feeding mice with parathyroids caused a distinct increase of 


14 Hunt, R T Biol Chem 1 33, 1905 
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their susceptibility to acetonitrile In determining cyanid detoxification 
in man, it is suggested that the five day test be employed To insure a 
return to normal of the sulphocyanate content of the saliva on suc- 
cessive test days, the tests may be performed on alternate days or in the 
following order 

Fvst Dcy— Influence of potassium sulphocyanid (15 mg) on 
sulphocyanate elimination 

Second Day — Periodic variation in the elimination of potassium 
sulphocyanid in saliva 

Thti d Day — Effect of potassium cyanid (10 mg ) on the sulpho- 
cyanate content of the saliva 

FowtJi Day — Effect of cystiii (1 gm ) on sulphocyanate elimination 

Fifth Day — Effect of cystin (1 gm ) on the detoxification of potas- 
sium cyanid (10 mg ) 

In Chart 3 are represented the results of a five day test, performed 
on one of the patients (Cal ), an active pellagrin It will be observed 
that the ingestion of potassium sulphocyanate produced a marked 
increase in the sulphocyanate concentration of the saliva This effect 
was tempoiary, however On administeiing 10 mg potassium cyanid, 
the potassium sulphocyanate concentration increased about three times 
The return to normal in this case was slow The sulphocyanate con- 
centration of the saliva remained practically constant when neither 
potassium sulphocyanate nor potassium cyanid were taken Feeding 
1 gm cystin was followed, in this subject, by a slight increase in 
sulphocyanate elimination When the administration of 10 mg potas- 
sium cyanid was preceded by the ingestion of 1 gm cystin, a rapid 
increase in the sulphocyanate concentration of the saliva was obtained 
In this case the curve indicates a delayed return to the initial sulpho- 
cyanate concentration and, therefore, a marked degree of detoxification 

SUMMARY 

1 The detoxification of potassium c)anid was determined in eight 
normal subjects and seventeen hospital patients 

2 Similar dosages of potassium sulphocyanate or potassium cyanid 
do not necessarily stimulate equivalent excretory activity on the part 
of the salivary glands of different persons 

3 The average sulphocyanate concentration of the saliva was found 
to be lower in the patients than in the normal subjects However, after 
the ingestion of potassium sulphocyanate or potassium cyanid, the 
sulphocyanate concentration of the patients’ saliva increased more 
rapidly than in the case of the normals 

4 Resting the salivary glands during the intervals indicated in our 
procedure, aids in maintaining the sulphocyanate concentration of the 
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Saliva at a fairly constant level when neither potassium c)anul nor 
potassium sulphocyanate are administered 

5 In normal subjects, cystin produced no eftect on the sulphoc} anatc 
excretion in the saliva On the other hand, a slight incieasc in potas- 
sium sulphocyanate elimination was observed in some of the patients 

6 The detoxification of potassium cyanid occurs more rapidly in the 
human organism when the administration of the cyanid is preceded b} 
the ingestion of cystin 

7 It appeals from our lesults that m ceitam disease conditions, 
such as pellagra, the cyanid detoxifying power remains unimpaired, 
provided the supply of cystin is adequate 

8 A functional test is proposed for the determination of the “cyanid 
detoxifying capacit}^” in man 
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STUDIES OF THE BLOOD GASES IN A CASE 
OF PAROXYSMAL TACHYCARDIA •>- 

EDWARD P CARTER, MD, and HAROLD J STEWART, MDf 

BALTIMORE 

During the progress of some studies of the blood gases in auricular 
fibrillation and after the restoration of the normal sinus mechanism by 
qumidin sulphate, by one of the authors,’- a case of paroxysmal 
tachycardia came under observation and studies of the blood gases were 
made during the paroxysm and after the return to the normal rate 
Barcroft, Bock and Roughton - have reported the only similar studies, 
with an attempt to determine the rate of blood flow and the cardiac 
output during a paroxysm and in the presence of the normal sinus 
mechanism They found in two attacks of paroxysmal tachycardia that 
the volume output of the heart per minute decreased from one-half to 
one-third of the normal value, while the ventricular output fell to one- 
sixth the normal amount The degree of ischemia was particularly 
marked in the skin as shown by a marked discrepancy between the 
oxygen content of blood from the basilic vein and that of the mixed 
venous blood in the lungs The -depth of respiration was reduced by 
one-half, but the rate was approximately doubled No reduction in 
oxygen saturation of the aiterial blood was found Meakins,® from 
animal experimentation, has concluded that tachycardia, whether regular 
or irregular, does not in itself produce a decrease in the oxygen satura- 
tion of the arterial blood, but that if the tachycardia induces failure 
of the circulation with pulmonary congestion or edema, a decrease of 
arterial oxygen saturation will occur 

It was thought of interest to add the studies made of this case to 
the literature, because the conclusions drawn differ somewhat from 
those of Barcroft, Bock and Roughton 

METHODS 

The arterial and venous samples of blood were drawn one-half 
hour after the onset of the paroxysm of tachycardia, while the patient 
was still in the attack A second venous specimen was drawn one 
hour after the end of the paroxysm After leaving the hospital the 
patient returned for frequent observation Blood samples were taken 
after the patient was put to bed at absolute rest for one-half hour, the 

*From the Physiological Division of the Medical Clinic of the Johns 
Hopkins University and Hospital 

t Working under the tenure of the William Bingham Fellowship in 
Medicine 

1 Stewart, H J To be published 

2 Barcroft, J , Bock, A V, and Roughton, F J Heart 9 7, 1921 

3 Meakms, J Heart 9 185, 1922 
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time being ai ranged so that it was at least two hours after the prcMous 
meal The blood was drawn without stasis under albolene as described 
by Stadie ^ for arterial blood and by Lundsgaard '' for venous blood 
The blood samples were at once analyzed in duplicate, using the “giant” 
Van Slyke apparatus and the combined method of \^an Shkc and 



Fig 1 — Film shows numerous auricular and right and left ventricular 
extrasystoles This interpretation, as well as the interpretation of the suc- 
ceeding films, was made from a long tracing, which it was not possible to 
reproduce in full Taken Jan 27, 1922, soon after admission 


Stadie ® for determining the oxygen and carbon dioxid on the same 
sample of blood The vital capacity was calculated from West’s ‘ 


4 Stadie, W C J Exper Med 30 215, 1919 

5 Lundsgaard, C J Biol Chem 33 133, 1918 

6 Van Slyke D D , and Stadie, W C J Biol Chem 49 1, 1921 

7 West, H P Arch Int Afed 25 306 (March) 1920 
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formula based on the body surface area, which was estimated from the 
height-weight chart of Du Bois and Du Bois ® 

REPORT OF CASE 

E G, female, colored, aged 35, admitted Jan 26, 1922, and discharged 
March 10, 1922 

Diagnosis — Chronic rheumatic endocarditis, chronic myocarditis, mitral 
insufficiency, auricular and ventricular extrasystoles, auricular paroxysmal 
tael jcardia, myocardial insufficiency, chronic tonsillitis 



Fig 2 Only occasional auricular extras 3 'stoIes Taken after patient had 
been receiving qumidin sulphate for two days (Feb 7, 1922) 


Complaint Attacks of palpitation, difficulty in breathing and swollen legs 
Past Histoi y —Acute rheumatic fever every summer from the age of 9 years 
up to 10 or 12 years ago Pneumonia at 17, followed by cardiac failure of 26 
months’ duration Pneumonia again four years ago at which time she was in 
bed for four weeks A third attack of pneumonia two years ago Frequent 
attacks of tonsillitis from childhood until ten years ago She has always been 


8 Du Bois, D , and Du Bois, E F Arch Int Med 17 863 (June) 1916 
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short of breath as far back as she can remember but this has l)ccn 'icttiUintcd 
in the last seven years Since then e\en talking ^\lll bring on dyspnea 

Piescnt Illness — Began in Februar}, 1921, with palpitation, d^spnc'l and 
swelling of the abdomen The patient bad a choking sensation, and iinmlnKss 
in the arms and legs She ^\as in bed for four \\eeks and for two months alter 
this she could only avalk a few- steps After this she did light work until 
Thanksgiving, 1921, at wdiich time she had an attack similar to the one m 
February Since then she has had frequent attacks of palpitation, described 
as a “pumping of the heart,” and as leaving her chest sore Attacks are oltcn 



Fig 3 — Taken during attack of Feb 23, 1922 Auricular paroxjsmal tachj- 
cardia, rate 198 

preceded by blackness before the e 3 "es She has had frequent attacks of 
vomiting, wuth no relation to meals Edema has been present since last 
Thanksgiving 

Physical E\amviatwn — Temperature, 988 F, pulse, 80, respiration, 20 
Slightl}^ obese No general glandular enlargement Perforated nasal septum 
Teeth poorly kept, snags, several missing, some dentistrj Tonsils large ragged 
and cr 3 "ptic Lungs clear except for a few' fine rales at both bases postcriorl 3 
There is a systolic heave of the precordium No shock, no thrill The relatue 
cardiac dulness extended 13 cm to the left in the fifth interspace and 4 5 cm 
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to the right m the fourth intercostal space Cardiac rhythm regular except 
for numerous extrasystoles There is a prolonged rough systolic murmur over 
the apex, well transmitted to the axilla and to the base Second pulmonic 
sound accentuated Blood pressure was 110/75 Liver edge just below umbili- 
cus Liver tender Slight edema of ankles 

Laboiafoiy Findings — Blood examination negative Vital capacity 33 per 
cent normal Phenolsulphonephthalein, 50 per cent in two hours The electro- 
cardiogram showed a normal sinus mechanism, numerous auricular and right 
ventricular extrasystoles (Fig 1) Blood chemistry normal Blood Wassermann 
negative Urine normal 



Fig 4— Taken June 16, 1922 Patient has had no quinidin sulphate since 
leaving the hospital Numerous auricular and occasional right ventricular 
extrasystoles 


Couise and Ti eatment —The. patient was put to bed on admission Feb 6, 
1922, quimdm sulphate therapy was started and February 10, after 27 gm of the 
drug, the auricular ectopic beats had almost entirely disappeared (Fig 2) 
Februarj 12 after 2 gm more of quinidin, there were no ectopic beats and the 
drug was discontinued Although the patient was up several hours each day, 
no ectopic beats were noted for more than a week, in spite of discontinuance 
of quinidin sulphate Her vital capacity rose to 61 per cent of normal 
February 21, there was a rise in temperature to 102 6 F and on the next day 
the patient’s tonsils were injected, the tonsillar glands swollen and tender The 
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temperature remained elevated for a week At midnight of Fcbruar\ 25, the 
patient was suddenly seized with d 3 'spnea and palpitation She became 
nauseated and vomited The eardiac rate was 200 on auscultation This attack 
lasted for one hour An electro-cardiogram showed auricular paro\\smal 
tachycardia (Fig 3) The following day there were occasional c\trasj stoics 
A throat culture showed Stteptococcus hcinolyticus February 25, the patient 
had two paroxysms of tachycardia during the course of the morning, with a 
cardiac rate of 215 Each paroxysm lasted one hour Electrocardiograms 
taken February 25 during these attacks were not suitable for publication, but 
a similar record taken February 23 is published instead (Fig 3) 

Blood samples were taken about one half hour after the onset of the second 
paroxysm February 25 At this time the cardiac rate was 215 and respiration 
40, patient w'as vomiting, veins were distended and there was ejanosis of lips 
fingers and ear lobes No signs of pulmonary congestion The arterial blood 
was 85 3 per cent saturated with oxygen and the venous blood 16 7 per cent 
saturated , coefficient of utilization of the oxj gen carrying pow'er, 68 6 per cent , 
oxygen capacity, 21 14 volumes per cent , arterial carbon dioxicl content, 28 07 
volumes per cent and venous carbon dioxid content, 46 69 volumes per cent , 
respiratory quotient, 1 290 One hour after the attack ceased, the venous 
blood was 681 per cent saturated, oxj'gen capacitj, 1962 volumes per cent , 
venous carbon dioxid content, 44 51 volumes per cent Pulse, 80, respiration, 
32 Vital capacity, 39 per cent of normal The patient w’as comfortable, there was 
no cyanosis, no signs of pulmonary congestion, and vomiting had stopped She 
felt so worn out that she asked to have the arterial puncture delayed 

Between February 25 and March 2, 1922, the patient received 60 gm of 
quinidin sulphate, during which time there was no further attack and the 
patient steadily improved March 5, her Mtal capacity had risen to 68 per 
cent normal Tonsillectomj’^ was advised but the patient refused operation 
The patient was discharged in fairly good condition The patient w'as seen 
at frequent intervals after discharge April 7, 1922, when her heart was slow 
and regular, her venous blood was 47 7 per cent saturated with oxjgen, the 
oxygen capacity being 18 76 volumes per cent , carbon dioxid content, 55 91 
volumes per cent , vital capacity 61 per cent normal She had had several 
brief attacks of palpitation since her discharge but w'as able to carry on her 
work June 16, 1922, when the cardiac mechanism was still normal, her arterial 
blood was 100 per cent saturated, venous blood 45 8 per cent saturated with 
oxygen, coefficient of utilization, 44 2 per cent , oxygen capacitj, 15 81 volumes 
per cent , arterial carbon dioxid content 42 35 volumes per cent, venous car- 
bon dioxid, SO 50 volumes per cent , respiratory quotient, 0 871 Pulse, 65 , 
respiration, 22 , vital capacity 64 per cent normal No cyanosis, no edema 
Slight dyspnea on exertion Electrocardiogram showed numerous auricular 
and occasional right ventricular extrasystoles, normal sinus mechanism (Fig 4; 

DISCUSSION 

This case is interesting not only on account of the studies of the 
blood gases, but also on account of the connection between infection and 
disturbance of the cardiac mechanism With normal sinus mecha- 
nism the arterial blood Avas completely saturated with oxygen Avhile the 
venous blood showed an abnormally low saturation, the coefficient of 
utilization being 442 per cent (the normal range of which is from 
20 to 30 per cent ) These findings point to an impairment of the 
peripheral circulation even jvith a regular cardiac rhythm, or, in other 
words, to a stagnant or ischemic anoxemia (Barcroft®) During the 


9 Barcroft J Lancet 1 487, 1920 
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attack of tachycardia there was an anoxic anoxemia and a greatly- 
increased ischemic anoxemia, as shown by the fall in arterial oxygen 
saturation and the much lower venous content of oxygen, the coefficient 
of utilization being 68 6 per cent There were no signs of pulmonary 
congestion to account for the anoxic anoxemia, and the only cause which 
suggests itself for the incomplete oxygenation of the blood m the lungs 
is the reduction m circulatory minute volume brought about by the 
tachycardia through a greatly decreased output per beat Barcroft, 

TABLE 1 — Observations on the Blood Gases 


0\ygen Oxjgen 0\y- Oxy- Carbon Dio\id Dif- 

Content Satura gen gcn Content ference 

, *- ^ tion Coeffi Con Ca- , ' , m He- 

Arte Ven , • ^ cicnt sump pne Arte- Ven Car- spira- 

rial ous Arte- Ven of tion ity Hemo nal ous bon tory 

Vol Vol rial ous Utili- Vol Vol globin Vol Vol Dioxid Quo 

mte Mechanism % % % % zation % % % % % Vol % tient 

2/25/22 Paroxysmal 18 03 3 52 85 3 16 7 68 6 14 51 21 14 114 3 28 07 46 69 18 62 1 290 

In attack tachycardia 
% hour 
after onset 

2/25/22 Normal 13 26 68 1 19 62 106 1 44 51 

1 hour mechanism 
after end 
of attack 

4/7/22 Normal 8 94 47 7 18 76 1014 55 91 

mechanism 

C/16/22 Normal 16 08 7 24 100 0* 45 8 44 2 8 84 15 81 85 5 42 35 50 05 7 70 0 871 

mechanism 


* Diflerenco between arterial oxygen content and oxygen capacity is witbm experimental 
error 
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Bock and Roughton found an arterial oxygen saturation of 96 8 per 
cent during an attack of paroxysmal tachycardia They concluded 
from this that there was no decrease in the arterial saturation but 
1 athei an increased saturation during tachycardia The arterial oxygen 
saturation was not determined in the presence of the normal sinus 
ihythm and this conclusion is based on the assumption that the arterial 
saturation was normally 95 per cent It is possible, however, that the 
arterial saturation normally may have been higher than 96 8 per cent , 
so that there may have been a slight decrease in the saturation The 
anoxic anoxemia found in this case is also contrary to the conclusion 
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of Meakins that tachycardia without pulmonary congestion and edema 
does not produce a decrease m the oxygen saturation of the aileii.d 
blood In a footnote to Table 2, Meakins " states that the ' samples 
were taken from fifteen to twenty minutes after the end of the tach) - 
cardia m each instance ” Under these ciicumstances, the oxygen satu- 
ration could have returned to normal in the inteival between the end 
of the tachycardia and the taking of the sample It hardl} seems 
justifiable to draw such a sweeping conclusion fiom the figures leportcd 
m this table The rapid return of the ciiculation to a relativel}- normal 
status IS shown by the fact that the venous oxygen content was noi mal 
one hour after the end of the paioxysm 

The extremely low arterial carbon dioxid content during the attack 
was probably due to overventilation of the lungs and to slowing of the 
circulation so that the blood remained in the lung capillaries longei 
than normally The pn of the arterial blood would be mteiestmg 

During the attack of tachycardia the oxygen capacity of the patient’s 
blood corresponded to a hemoglobin of 114 3 per cent One lioui later 
this was 106 1 per cent and on subsequent occasions was found to ha\c 
fallen to 101 4 per cent (April 7) and 85 5 per cent (June 16) This 
change may indicate that the patient responded to an inci eased demand 
for oxygen as a result of the series of attacks by a physiologic inciease 
in the amount of circulating hemoglobin 

The patient was too ill to take a vital capacity test dining the 
paroxysm, but one-half hour after the attack it was 39 per cent normal, 
while with a regular heart action it ranged from 64 to 68 per cent 
normal 

SUMMARY 

A case of auiicular paroxysmal tachycaidia was studied fiom the 
point of view of the blood gases The findings include 

1 Marked decrease of the arterial oxygen saturation without 
denionstiable pulmonary congestion to account for this 

2 Extremely low carbon dioxid content of the arteiial blood during 
the paroxysm 

3 Very low oxygen saturation of the venous blood, part of which 
was attributable to the anoxic anoxemia, but the greater part w^as a true 
stagnant anoxemia due to slowing of the circulation This stagnant 
anoxemia had entirely disappeared one hour after the end of the attack 

4 Greatly increased coefficient of utilization during the paroxysm, 
indicating a very slow^ circulation rate 

5 Decrease in vital capacity immediately following the paioxi'im 

In addition, there appeared to be a close connection between an 

acute infection and the disturbance of the cardiac mechanism It w.i'^ 
also noted that during qumidin sulphate therapy ectopic beats w'hich 
had been numerous and troublesome disappeared 



OBSERVATIONS OF THE CARDIOVASCULAR SYSTEM 
IN THYROID DISEASE + 
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The importance of the cardiovascular signs and symptoms in thyroid 
disease has been known from the earliest writings on goiter Parry, ^ 
in 1786, recognized the seriousness of these manifestations, his first 
case presenting grave cardiac disorders resulting in death Since 
that time practically all authors have agreed that the outcome of any 
case IS greatly influenced by the state of the circulation and its response 
to therapy Mobius,^ in 1896, emphasized the importance of tachy- 
cardia, palpitation, forceful beating of the heart and arrhythmia in the 
syndrome of thyrotoxicosis, and stated that exophthalmic goiter patients 
suffer and die mainly because of cardiac changes Hirschfelder ® 
reviewed the subject and gave the prevailing opinions regarding the 
cardiovascular findings and their treatment Forchheimer ^ directed 
therapeutic measures in thyroid disease toward the support of the circu- 
lation Kocher ® and others believed that the surgeon should be guided 
by the cardiac condition in choosing the time and extent of operation 

In a careful electrocardiographic study of fifty-one goiter patients, 
Krumbhaar ® recorded the findings before and after surgical treatment 
His observations indicated that the effects of prolonged thyroid intoxi- 
cation on the heart were progressive in nature Such patients developed 
high pulse pressure, hypertrophy, arrhythmias, heart block and changes 
in the T-wave It is also of interest to note that in his cases successful 
medical or surgical treatment resulted in the disappearance of some of 
these abnormal manifestations In one of his cases transient auricular 
fibrillation occurred Fahrenkamp reports a case of thyrotoxicosis 
with paroxysms of auricular fibrillation of short duration, and auricular 

From the Medical Division, University of California Hospital 

" Read before the California State Medical Society, Yosemite Valley, May, 

1922 
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7 Fahrenkamp, K Vorubergehende komplete Herzunregelmassigkeiten 
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fibrillation has frequently been obser\ed as a permanent condition in 
the later stages of the disease Auricular flutter, paroxysmal tachy- 
cardia, extrasystoles and sinus arrhy^thmia have also been noted Black- 
ford and Wilhus ® found auncular flutter associated with exophihalmit 
goiter in three out of a series of sixteen cases of auricular flutter 
White and Aub,® in a careful electrocardiographic study, found auric- 
ular fibrillation in six out of forty -seven cases of hyperlliywoidism 
Three of these were of the paroxysmal type Paroxysmal fliittci 
occurred in one case Goodpasture has described an unusual type of 
myocardial regeneration in hyperthyroidism 

The syndrome known as “neurocirculatory asthenia” or “eftoit 
syndrome” has been confused with thyrotoxicosis It has been shown 
by Addis and Kerr and others that this syndrome is as fiequent in 
persons without any thyroid enlargement as in those with moderate or 
great enlargement 

The purpose of this paper is to report the cardiovascular condition 
of patients with thyroid disease entering the University of California 
Hospital for treatment during the past two years In addition to the 
usual observations on the size of the heart, condition of the vascular 
system, pulse rate, blood pressure, pulse pressure and metabolic rates, a 
special effort has been made to study the types of iiregulaiity revealed 
by means of electrocai diograms and polygraph tracings 


GENERAL CONSIDERATIONS 


Of the 181 goiters studied, 123 were classified as adenomas and 
fifty-eight as hyperplasias In reviewung the adenomas no attempt has 
been made to draw^ a sharp distinction between the toxic and nontoxic 
types Approximately, half of these cases show^ed no signs of toxicity, 
and in a relatively small number the goiter produced pressure symptoms 
only The average age of these patients was 46 years and a tumor w-as 
noted at the average age of 29 years, or seventeen years before appear- 
ing for treatment Symptoms had been present on the a\erage for 
eight and three tenths years Females were affected 106 times and 


8 Blackford, J U , and Wilhus, F A Auncular Flutter, \rch Int ATcd 
21 147-165 (Jan ) 1918 

9 White, P D , and Aub, J C The Electrocardiogram m Thjroid Disease, 

Arch Int Med 22* 766-769 (Dec) 1918 

10 Goodpasture, E W Myocardial Necrosis in Hypcrthjroidism J A 

M A 76 1545 (June 4) 1921 

11 Addis, T, and Kerr, W I The Relatne Frequenci in Recruits \Mth 
and Without Thyroid Enlargement of Certain Signs and S%mptoms 
Occur in Neurocirculatory Asthenia Arch Int 2tfed 23 316-333 (March) 1 

12 Norris, G W. and Landis, H R M Diseases of the Chest "'id the 
Principles of Physical Diagnosis, Philadelphia, W B Saunders Compain, 19_0 
pp 692-695 



400 


ARCHIVES OF INTERNAL MEDICINE 


males seventeen times Cardiovascular symptoms were more or less 
marked in 44 per cent of the cases Rapid and forceful beating of the 
heart and “palpitation” were the symptoms usually complained of, 
although vasomotor disturbances, irregularities of the heart, dyspnea 
and breathlessness were frequently noted Pain in the region of the 
heart and anginal attacks were rare Central nervous system symptoms, 
including nervousness, tremors, astasia abasia and emotional instability, 
were described m fifty-eight cases Gastro-mtestinal symptoms, usually 
diarrhea, or diarrhea alternating with constipation, were complained of 
in only four cases There was marked progressive loss of weight in 


TABLE 1 — Gcneral Findings 




— 






Number 











Num 

u ith 









Average 


ber 

Gastro 


M erage 





Avernce 

Dura 

Number 

■with 

Intcs 

Marked 

Basal Num 





Average 

Age 

tion of 

IVltll 

C N S 

final 

Loss 

Metabo ber 

Type of 

No of 



Age, 

Tumor 

Sjmp 

Fye 

Svmp- 

Symp 

of 

lisra, of 

Goiter 

Oases 

Sex 

Years 

Noted 

toms 

Signs 

toms 

toms 

AYelght per Cent Deaths 

Adenomas 

123 

M 

17 

41 38 

29 2 

83 

1 slight 

58 

4 

8 

30 2 -1- 2 

tovic and 


r 

lOO 


jears 

jears 

6 doubtful 



(all forms) 

nontoMC 











47 + 












(toxic only) 

Hyper- 

58 

M 

15 

36 4 

33 9 

3 

44 

56 

17 

38 

58 7 -b 7 

plasns 


F 

43 


years 

months 

5 doubtful 






TABLE 2 — General 

Cardiovascular 

Findings 




Per 




Num 

Number Number 




Cent 


Aa crage 


ber 

avith Bruit with 




iTith 


Blood 

A\er 

avith 

Num Over Signs 



Car 

Car 

Aver 

Pressure 

age 

Car 

ber Thjroid of 



diac 

diac 

age r 

A 

, Pulse 

diac 

with or Tcm Decora- 

Tjpe of 

No of Syrap- 

Symp- 

Pulse 

Sys Dins 

Pres 

Enlarge- Mur poral pensa 

Goiter 

Oases 

toms 

toms 

Rate 

tohe tolic 

sure 

ment 

murs Arteries tion 

4denoinas toxic 

123 

54 

44 

85 

133 78 

55 

41 

43 3 3 

and nontoxic 



(9 

5 in toxic 








cases) 





Hyperplasias 

58 

53 

1 

91 

107 

141 71 

70 

43 

46 33 15* 


* Three of these cases presented unusual and marked systolic pulsations of the veins of 
the forearms and hands 


eight cases and a gain in two cases In no case was there marked 
exophthalmos When the eye changes were noted, usually only one or 
two of the minor signs were described The average basal metabolic 
rate, when determined, was 30 2 per cent above the theoretic normal, 
but when the nontoxic cases were excluded, the average rate was 47 
per cent above the theoretic normal There were two deaths 

Of the fifty-eight cases with hypeiplasia, forty-four presented 
exophthalmos and other eye signs, and in five others these eye signs 
were slight or doubtful The average age was 36 4 years and the tumor 
was obseived at the average age of 33 9 years, or two and five-tenths 
years before entenng the hospital for treatment Females were affected 
forty-three times and males fifteen times Symptoms had been present 
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for a relatively brief period In about one-third of the cases the tumor 
was noticed befoie the onset of symptoms, in about one-thnd. the 
appearance of the symptoms preceded the disco\ery of the tumor and 
m the remainder, the symptoms and tumor appeared at the same time 
The average duration of symptoms was about three months Cauho- 
vascular symptoms were complained of in 91 per cent of the cases 
“Palpitation” and rapid, forceful beating of the heart were usuall} 
present, irregulanties, dyspnea, breathlessness and vasomotor dis- 
turbances were common Fifteen cases presented signs of decompensa- 
tion Central nerv^ous system symptoms w’^ere present in fifty-six cases 
and were more pronounced than wnth the adenomas Gastro-mtestinal 
symptoms such as diarrhea and vomiting weie complained of in 
seventeen cases There was a definite loss of w^eight in thirty-eight 
cases The basal metabolic' rate averaged 58 7 pei cent aho\e the 
theoretic normal There weie seven deaths 

SPECIAL CONSIDERATION OP CARDIOVASCULAR S\STEM 

Symptoms — A brief statement of the cardiovascular symptoms is 
given above It is the prevailing opinion that the hyperplastic goiter 
causes more profound changes in the circulatory system than is found 
m association wath toxic adenomas Our observations suggest, how'- 
ever, that, so far as the heart is concerned, the disturbances are prac- 
tically the same in both groups Where difterences occuricd, the} 
seemed to be due mainly to the degree of toxicity The vasculai s}stem, 
however, showed more pronounced changes in the hyperplastic group 
than in the group of adenomas Among the earliest symptoms w'ere 
tachycardia and a consciousness of the heart beat Many patients com- 
plained of attacks of “palpitation” These spells, which were more 
frequent later in the disease, probably represent paroxysmal attacks of 
auricular fibrillation or flutter Throbbing of the vessels in the neck 
and periphery, pulsation in the thyroid and a heaving precordium w ere 
usually marked in severe cases Sleep w^as frequently interfered with 
because of these sensations and such patients preferied to he on the 
right side Dyspnea and breathlessness on exertion, and in the later 
stages cough, piogressive edema, cyanosis and other signs of decompen- 
sation were observed where proper treatment had not been instituted 
Goiters producing pressure symptoms were relatively infrequent causes 
of cardiovascular disturbances, as compared wuth the overacting glands 

Physical Signs — Inspection in the early cases revealed very little 
aside from a forceful apex impulse in the usual position, shghth 
increased carotid pulsations and flushing of the face and neck As the 
disease advanced, the apex impulse became more forceful with a diflu'^e 
heaving of the precordium The apex impulse w^as then displaced to the 
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left and, in later stages, downward The carotid arteries and peripheral 
vessels showed increased pulsations, and capillar)^ pulsation was fre- 
quently noted, especially m the hyperplastic cases When the myo- 
cardium began to fail, the venous pressure rose, the veins stood out and 
they occasionally showed unusual systolic pulsations extending to the 
lower arm and hand (noted in three of our cases) When decompensa- 
tion began, the usual signs appeared such as pulsating liver, systolic 
venous pulse in the neck, edema of the lungs and edema of the legs 
advancing to anasarca During the stage of decompensation, the heart 
was frequently irregular and no sign of an /1-wave could be found in 
records from the jugular vein 

On palpation the apex impulse was usually forceful and showed 
no displacement m early cases, but as the condition advanced, the 
impulse became more marked and diffuse, and it moved to the left 
and downward A systolic or presystohc thrill at the apex, or a systolic 
thrill at the pulmonic area was noted in a few cases A distinct shock 
was felt at the pulmonic area, accompanying the second sound A 
systolic thrill was frequently'^ felt over the thyroid vessels in hyper- 
plastic glands, rarely in adenomas The pulse was usually soft and 
often times dichrotic A water-hammer pulse was common m the 
hyperplasias The rate was quickened in toxic cases, being 93 m the 
toxic adenomas and 107 in the hyperplasias in our series In the early 
stages the pulse was generally regular, although a sinus arrhythmia of 
the respiratory type was frequently observed Later, many cases 
showed the more unusual types of irregularities, and in the terminal 
stages they were very commonly observed 

By percussion the heart was found to be gradually enlarged to the 
left and downward , there was a well defined increase in dulness in the 
third and fourth left interspaces, as is seen in organic mitral disease, and 
later the dulness was increased to the right Enlargement, usually to 
the left, was noted in forty-one adenomas and in forty-three hyper- 
plasias In the absence of thymic enlargement or a substernal extension 
of the thyroid, the substernal dulness was found to be increased, due 
to the dilatation of the great vessels 

Auscultation revealed the signs of an overacting heart in toxic 
cases The sounds were quickened, ringing and loud, giving an impres- 
sion of hurried ineffectiveness As the condition ad^anced, a soft 
systolic murmur was usually heard at the apex and a short rough, 
systolic murmur was heard at the pulmonic area Later a loud systolic 
murmur was frequently heard all over the precordium and was trans- 
mitted to the vessels of the neck, with a bruit over the thyroid vessels 
and gland A definite bruit was noted over the gland in thirty-three 
cases of hyperplastic thyroids and in only three of the cases with 
adenomas In the advanced stages of myocardial failure a diastolic 
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murmur was occasional!} heard at the pulmonic area or a soft ';}stohc 
murmur appeared over the tricuspid area Murmurs ^\e^e noted in 
our senes in forty-three cases of adenomas and in forty-six casc> of 
hyperplasia 

An unusually large numbei of cardiac irregularities vere ob'^eried 
Of sinus arrhythmia we have no accurate data as its finding was con- 
sidered of little significance It w'as frequently obser^ed and possibl} 
should be studied further Extrasysloles w^ere obsen^ed in only nine 
cases and in tw^o of these it is probable that an unrecognized auricular 
fibrillation was present Auricular fibrillation was observed in tw^enly- 
nine cases, occurring in nine cases with adenomas and twenty cases w'lth 
hyperplasia In fifteen of the twenty-nine cases, the fibrillation w^as 
paroxysmal in type and in several cases may attacks were obserxed 
Figure 1 shows the frequency and duration of such attacks in one of 
our cases In eight cases auricular fibrillation alternated wnth aui icular 
fluttei , and in two cases auricular flutter was observed alone Paroxysmal 
auiiculai tachycardia w'lth a late of 190 occurred in one case (Table 3) 



Fig 1 — Case 9102 Paroxysmal auricular fibrillation Paroxjsms indi- 
cated by asterisks Death occurred one and one-half hours after operation 
in an attack of auricular fibrillation which began during the operation 'Ml 
attacks responded to digitalis in moderate doses except the one preceding death 

These observations on the frequency of cardiac irregularities have 
suggested that many of the attacks of “palpitation” which patients 
describe are due to the disturbance of the normal mechanism of the 
heart beat by the inception of one of these unusual rhythms Such 
attacks frequently came on suddenly and usually lasted only a short 
time They were accompanied by a sense of fulness m the chest, a 
disagreeable, rapid, forceful action of the heart, flushing of the face and 
neck, and breathlessness The termination w'as usually abrupt On 
questioning patients who weie seen during attacks of auricular fibril- 
lation oi flutter. It was found that their sensations w'ere the same as 
those experienced during the previous spells of so-called palpitation 
In our opinion, this shows pretty clearly that wdiat they call palpitation 
IS really the result of serious auricular fibrillation or flutter We feel 
sure that this has not been sufficiently recognized in the past 
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Roenf gen -1 ay studies on the toxic cases generally showed the heart 
to be enlarged to the left with widening in the region of the conus and 
left auiicle— the so-called “mitral type” In some cases, particularly 
of the hyperplastic group, the heart was of the “aortic type” with the 
great-vessel shadow definitely increased 

Blood picswie deteiminations showed in the adenomas an average 
of 133 mm meicuiy (systolic), 78 mm mercury (diastolic) and a pulse 
pressure of 55 mm mercury, while in the hyperplasias the average 
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TABLE 4 — Biood Pri ssurp in Toxic Adi nomas 


C ite Numbi r 

Before Opeiation 

After Operation 

11447 

215/105 

1 10/80 

0 inos later, 170/00 

12349 

190/100 

110/70 

12778 

100/80 

128/75 

13189 

150/80 

'121/00 

133/70 

11765 

188/100 

18828 

100/93 

130/70 

13451 

lSO/110 

145/90 

8511 

100/100 

100/80 

10757 

218/142 

100/100 


TABLE 5 — Blood 

PRI SSURI IN Tin PIyPI RPLASIAS 

Case Numboi 

Before Operation 

After Operation 

12970 

152/80 

122/82 

11580 

145/05 

138/45 

10444 

140/00 

128/75 


was 141 mm mercury (systolic) and 71 mm mercury (diastolic) 
with a pulse pressure of 70 mm ineicuiy In several cases m which 
the systolic and diastolic piessures weie high befoie operation, a marked 
fall was observed following surgical treatment Some of the more 
striking examples are shown in Tables 4 and 5 In one patient with a 
hyperplastic goiter who had a blood pressure of 200/100 on admission, 
there was a fall to 178/65 aftei medical treatment 

Venous Pi es'nii es and Pul nations — No attempt was made to measure 
accurately the venous pressures, but in advanced cases the pressuie m 
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the veins was definitely increased In three cases A\e obsentd pulsating 
peripheral \eins in the arms and hands, vhich cleared up after 
treatment 

Elect) ocaj d'log} aphic and polygiaphic tracings weie made in most ol 
the cases showing unusual irregularities and in some of the uncompli- 
cated cases Twenty-five cases weie studied at inten^als vhilc in the 
hospital In addition to the changes m rhythm noted, there were 
certain variations in the aunculai complex which were frcquentlv 
observed in more severe cases The P-\\a^es were widened and 
inci eased m amplitude, fiequentl}'- shghtl}^ notched in Lead I and ha\ing 
a diphasic character in Lead III These features were noted in ten out 
of fourteen cases with regular ihythm The P-R interial was fi\c 



Fig 2 — Electrocardiogram 1045 Marked Inperplasia Rate 120 \olcli- 
mg of “P” waves in Lead III Prominent ‘ T” \^a\es, all leads Dud 
after operation of marked-thyrotoxicosis and focal necrosis of Incr and 
pancreas (For this and all succeeding electrocardiograms, the time marker 
records twenty-fifths of a second The gahanometer string is so standardircd 
that deflections of one centimeter represent one millnolt ) 


twenty-fifths second in three cases and there uas an arborisation block 
m one case Bundle branch lesions uere not obsened Right h\per- 
trophy was shown in two cases and left Inpertropln in three c.i^^c^ 
The T-wave. when flattened or inverted in Leads I and II ha^- been 
found to indicate a bad prognosis in accordance with the findings of 
Krumbhaar In our series theie were six such cases all showing 
advanced myocaidial disease and as was to be expected two nr 3^ 
pel cent of the patients died Examples of the \arious t}pcs of 
irregularities are shown m Figures 2 to 5 
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Diagnosis — The diagnosis of the types of goiter studied were made 
on the clinical signs and symptoms combined with pathologic findings at 
operation and necropsy The cardiac symptoms and signs were usually 
obvious, although careful observation and instrumental means were 
frequently necessary to differentiate the irregularities encountered 



Fig 3 —Electrocardiogram 1189 Marked hyperplasia Paroxysmal auricular 
fibrillation Slight right hypertrophy Inverted “T” waves m Lead III 



Fig 4 Electrocardiogram 935 Marked hyperplasia Advanced myocardial 
changes with decompensation, peripheral venous pulsations Auricular fibril- 
lation Inverted T” waves in all leads “Q-S” interval two twenty-fifths of 
a second Radium treatment Living after six months 


Treatment No preliminary treatment was given in the nontoxic 
or moderately toxic adenomas previous to operation The patients 
with more advanced toxic adenomas, with signs of cardiac failure, and 
most of the patients with hyperplasias were given preliminary medical 
treatment or received medical treatment alone Mental and physical 
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rest was insisted on Bromids or qmnin hydrobromatc ^\elc qncn 
when indicated Ice bags were used over the t]i}roid gland and lienrt 
in the more toxic cases with considerable relief from distressing s\ nip- 
toms Digitalis, in the form of the tincture, was used when indicated, 
under careful supervision In moderate doses the drug produced 
excellent results and w'as ver}^ useful m controlling and, possibh . in 
preventing attacks of abnormal cardiac rh)1.hms, particularly auricular 
fibrillation One patient died during operation, from the eftccts of 
toxic piocain used as a local anesthetic Another death occuirtd 
from atiiicular fibrillation with marked signs of thyrotoxicosis dc\ elop- 
ing tw^o days after operation Quinidin sulphate seemed to ha\e a 
beneficial effect in controlling attacks of auricular fibrillation in one 
case, although of no benefit in several others Cardiac decompensa- 



Fig 5 — Electrocardiogram 996 Same as 935 after digitalis therapj Rate 
reduced from 135 to 75 per minute 


tion was treated by the approved methods, although excessu e purgation 
w^as very exhausting m some cases Roentgen-ray treatment w'as used 
in many cases of hyperplasia before operation and m a few cases it 
w'^as the only local treatment employed Radium emanations m bare 
tubes of from 6 to 10 me w^ere inserted into some of the more serious 
hyperplastic goiters with marked improvement (These cases are being 
reported elsew^here by Dr W I Terrj^- ) Various methods of suigical 
treatment were emplo}ed, including ligation, enucleation of adenoma, 
partial lobectomy, bilateral subtotal lobectomy, etc 

One of the most striking observations made in this series of ca'^es 
has been the degree of cardiac relief noted by the patient after removal 
of an overacting thyroid gland 

Prognosis — In our senes it has been demonstrated that the condi- 
tion of the heart generally determined the outcome of the case Deaths 
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from other causes, except marked increase of toxicity following opera- 
tion in severe cases, were rare Electrocardiographic demonstration of 
flattened or inverted T-waves in Leads I and II have indicated an 
unfavorable outcome Heart block and disorders of the cardiac rhythm 
have been noted in the more severe cases Signs of decompensation 
and advancing edema have indicated prolonged medical treatment or 
radiotherapy Embolism and coronary disease were rare Focal 
necroses of the liver and pancreas followed operation in one case and 
caused the death of the patient 

Mortality — In our series there were nine deaths, seven occurring in 
cases with hyperplasia, one with a mixed gland and one with an 
adenoma of the plunging type The findings in these cases have been 
brief!} summarized below 


REPORT OF CASES 

Case 1 (8505) — Female, aged 46 Symptoms and tumor for eight years with 
slight pressure on trachea, enlarged heart, blowing systolic murmur at mitral 
and pulmonic areas, loud bruit and thrill over gland, pulse, 130, blood pressure 
120/80 mm mercury, basal metabolism 70 per cent plus She was given pre- 
liminary medical treatment, and radium, 10 me, was inserted into the gland 
with slight improvement Later bilateral subtotal lobectomy was done with only 
slight improvement One month after operation she had a brief attack of 
auricular fibrillation Basal metabolism, 66 per cent plus Four months after 
operation basal metabolism was 58 per cent plus Then nine e\posures to the 
roentgen-ray in another city were followed by marked thyrotoxicosis, pulse 200, 
coma, delirium and death At the necropsy a large amount of hyperplastic 
gland was found surrounding the trachea and extending beneath the manubrium 

Diagnosis — Recurrent hyperplasia with marked thyrotoxicosis 

Case 2 (12563 and 13060) — Male, aged 39 Symptoms present three vears, 
very marked during past five months , tumor noted three weeks , heart enlarged , 
pulse, 120, blood pressure, 120/64, slight eye signs, marked bruit, basal metab- 
olism, 79 per cent He was given medical treatment and radium 6 5 me, nas 
inserted into the gland Very slight improvement Two months later, a bilateral 
partial lobectomy was done Thirteen days after operation there developed 
progressive jaundice, coma, convulsions, dyspnea and cyanosis Urobilin was 
present in the urine (no leucin or tyrosm) and the man died in coma The 
necropsy showed marked acute focal degeneration of the liver, focal necrosis 
of pancreas , hyperplasia of thymus 

Diagnosis — Hyperplasia with marked thyrotoxicosis and liver degeneration 

Case 3 (13360) — Female, aged 31 Tumor present five j'ears, symptoms 
manifested two years with palpitation and diarrhea, heart slightl}' enlarged 
Vvith systolic murmur at mitral area and diastolic murmur at pulmonic area 
She entered the hospital with a pulse of 180 , blood pressure, 160/90 , gangrene 
of right arm Amputation Pulse rose to 200, temperature increased from 
38 to 42 C , and the patient died with cardiac failure and toxemia The 
necropsy showed thrombosis of right subclavian artery No thrombi found m 
heart Right ventricle dilated 

Diagnosis Hyperplasia with cardiac dilatation and arterial thrombosis 

Case 4 (10751) Female, aged 39 Symptoms present for many years, 
tumor noted for eighteen months, with decompensation for eighteen months with 
anasarca, marked hjpertrophv and dilatation of heart, systolic murmurs at 
mitral and pulmonic areas, auriculoventricular block (partial), pulse 90, blood 
pressure 140/60, marked eve signs, basal metabolism, 56 per cent plus '^he 
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had Iiad si\ roentgen-ra^ treatments fifteen months previously She was given 
medical treatment, and radium, 7 6 me , was inserted into the gland, followed 
by three roentgen-ray treatments Patient died three months later of decom- 
pensated heart Necropsy (limited to abdominal organs) showed cirrhosis of 
Incr, diffuse brown atrophy, infarct in right kidney 

Dwguo'ns — Hvperplasia with advanced mvocardial disease and cirrhosis of 
In er 

C \sr 5 (8027) — Female, aged 30 Symptoms and tumor present fifteen 
months, heart enlarged, loud s\stolic murmur all over precordium , pulse, 130, 
blood pressure, 140/70, marked bruit over gland , marked eye signs Preliminary 
medical treatment with extraction of abscessed teeth and tonsillectomy with 
slight impro\cmcnt Operation Bilateral partial lobectomy Patient died 
during operation from probable effects of toxic procam She had been given 
IS cc of tincture of digitalis during the four days previous to operation 

Dw(iuo<;is — Hjpcrphsia A.ncsthetic death 

C\si 6 (7630) — Female, aged 35 Extreme sjnnptoms present for eight 
months with attacks of palpitation resembling auricular fibrillation, tumor noted 
eight months, heart enlarged, pulse, lOS, blood pressure, 135/70, marked eye 
signs Radium, 10 me, was inserted into gland One month later patient was 
impro\ed and a bilateral partial lobectomj w'as done Pulse wms irregular, with 
auricular fibrillation before operation, and patient received 20 c c tincture of 
digitalis during four dais prei loiis to operation Digitalis was stopped after 
operation Two dais later fibrillation returned ivith marked thyrotoxicosis, the 
patient rapidh failed and died Digitalis probably should have been continued 
after operation 

Dtagito^t ^ — ITiperplasia with miocardial changes and paroxysmal auricular 
fibrillation 

Cisr 7 (9120) — Female, aged 52 Tumoi noted fifteen jears, sjmptoms 
manifested onli three weeks, with marked palpitation in paroxysms, and dyspnea 
There hid been pressure sjmptoms for three years Heart was markedly 
enlarged, with hea\ing precordium, pulse, 120 systolic blood pressure, 190, 
diastolic sound heard to rero, marked capillary pulse, marked bruit and ej-e 
signs Sc\cn paroxjsms of auricular fibrillation of brief duration w'ere observed 
before operation There were attacks of anginal pain Preliminarj intermittent 
digitalis theripi was gi\cn The goiter was “stolen” Auricular fibrillation 
returned during operation and continued until death an hour and a half after 
operation (Fig 1) Pathologic section of gland show^ed colloid goiter with 
cMdencc of some Inperplasia ^\denomas also present 

Diagno <;\<; — Alixed t\pe of goiter with marked mvocardial changes and 
paroxysmal auricular fibrillation Angina pectoris 

C\sn 8 (5486) — Ftmalc, aged 41 Tumor noted tw’enty-six jears, prcMous 
operation thirteen jears ago Tumoi returned six jears ago, general symptoms 
manifested fne jears with pressure sjmptoms Heart enlarged, arch widened 
with jirobable siibsternal thiroid, sjstohc murmur o\er base transmitted to 
carotids, and thjroid arteiics J^Ianj^ paroxysms of auricular fibrillation alter- 
nating with aunculai flutter, flattened 7 -w'aves m Lead I by electrocardiograph 
Pulse 100, blood pressure, 130/60 (eariable) , no eye signs, marked loss of 
weight, diarrhea, basal metabolism, 76 per cent plus Preliminary medical 
treatment and six roentgen-raj' treatments w'erc given Patient died two hours 
after operation wnth auricular fibrillation Sections of the gland showed 
multiple adenomas w'lth hyperplastic and degenerative changes The sections 
also suggested the presence of tuberculosis, although no signs of that disease 
were found elsewhere 

Diagnosis — klixed type of goiter with advanced myocardial disease, 
auricular fibrillation and flutter 

Cast 9 (13038) — kfale, aged 76 Slight symptoms noted for three years with 
recent severe pressure sj'mptoms Tumor noted one and one-half years 
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Heart enlarged to left, no murmurs, pulse, 100, blood pressure, 135/75 
Plunging type of goiter Operation difficult Patient died one and one-half 
hours after operation from local hemorrhage and pressure on the trachea 
Diagnosis — Toxic degenerating adenomas with pressure symptoms Post- 
operative hemorrhage with tracheal pressure 

CONCLUSIONS 

1 The cardiovascular changes in thyroid disease are progressive, 
and in the most severe cases dominate the clinical picture 

2 The cardiac signs and symptoms in toxic adenomas and hyper- 
plasias differ only Avith the degree of toxicity The vascular changes 
are more marked in the cases of hyperplastic goiter 

3 Cardiac irregularities are more common than is generallv recog- 
nized Auricular fibrillation or auricular flutter, usually paroxysmal 
in type, occurred in about one-third of all toxic cases W e believe that 
such paroxysmal attacks explain the periods of palpitation which are 
described by a large percentage of patients 

4 The prognosis depends m a large measure on the condition of the 
circulation If surgical treatment is to be carried out, the ‘ffime and 
extent of the operation should be governed by the circulatory condition ” 

5 Treatment of the thyroid heart depends on the stage of the 
disease In all cases tvtry measure should be employed to relieve the 
myocardium Rest is essential Sedative drugs are of some value 
Elimination should be kept up Digitalis is of great value in con- 
trolling auiicular fibrillation and may be of value in preventing 
paroxysmal attacks The amount lequired in controlling auricular 
fibrillation is usually less than m ordinary cardiac cases It should be 
continued over long penods Decompensation should be treated as m 
other myocaidial cases 

6 The electrocardiogram is of value in recognizing myocardial 
changes, in differentiating the types of ii i egularities and in prognosis 



A CASE OF RHEUMATIC FEVER WITH CEREBRAL 
SYMPTOMS SIMULATING ENCEPPIALITIS 
LETHARGICA 

LEWIS FOX FRISSELL, MD 

NEW \ORK 

Histojy — Mrs J F, acted 54, had a sharp attack of tonsillitis, Feb 14, 1922, 
the temperature rising to 102 4 F, and culture showing Sti cptococcus vindans 
Two dajs later she began to have joint pain, and large, elevated, red and tender 
nodes on the skin of the neck, and over the shins, tj pically an erythema 
nodosum 

Far/ Ihsloiy — She had had trphoid fe\er, a severe case, at the age of 10, 
bronchopneumonia at 19, and frequent attacks of tonsillitis, headaches of a 
migrainal tjpe, hemicranial in nature wnth occasional hemianopsia 

She first consulted me m November, 1921, complaining of numbness and 
tingling in the arms, and legs, particularlv in the left arm One month before 
there was temporary loss of power of about one hour’s duration She was also 
confused mentallj at this time Her menstrual history began at 16, and w^as 
unerenlful Hei marital historj show'ed numerous miscarriages She has one 
In ing, healthv child 

Physical Examination — Patient w’as a slight, frail woman, with slightly 
coated tongue, a good deal of bridge work on the molar teeth, but no definite 
e\idence of infection Tonsils w'ere small, buried, and contained cheesy par- 
ticles Pupils were equal, reacted to light and accommodation Arteries of 
the retina were small and tortuous Blood pressure w’as elevated, svstohe, 204, 
diastolic, 108 Heart Some left ventricular enlargement, w'ltli a systolic mur- 
mur at apex, transmitted to the left, and a sharply accentuated second aortic 
sound, and a second muimur over the aorta transmitted to the vessels of the 
neck The urine contained a ^cry faint trace af albumin, but no casts, was 
of low specific gravlt^ (1 010), but on the Mosenthal test (night specimen), 
showed that she still had abilitj' to concentrate, and w'ater produced a diuretic 
effect 

Blood chcmistrj W'as cntirelj normal Blood Wassermann negative Phenol- 
sulphonephth'ilem, normal A lumbar puncture was made wnth the idea of 
possible central nervous lesion, but the spinal fluid was completely normal 
Wassermann, Lange’s colloidal gold curve, butyric, and cells completely 
negatne 

Diagnosis — Cerebral arteriosclerosis, and chronic endocarditis 

Treatment — She was put on proper diet, and made a symptomatic recovery 
within a few' wrecks 

Clinical Coinsc — Seven dajs followniig her acute tonsillitis in February, 1922, 
she began to show' meningeal symptoms Slight diplopia with left internal rectus 
muscle weakness, and an Oppenhcim reaction w'ere present, with doubtful 
Babinski, though no Kernig, and onlv very slight stiffness of the neck Patellar 
reflexes were obtained The areas of erythma nodosum were more numerous 
and painful She had a slight dry, hacking cough, and an occasional fine sub- 
crcpitant rale in the right scapular region Roentgenogram of lungs was nega- 
tne Her temperature was 103 F , respiration, 30, pulse, 116 Her leuko- 
cytes numbered 18,000, polymorphonuclears, 87 per cent Lumbar puncture 
revealed a fluid showing onl}' two cells with a faintly positive butyric acid test 

The following day her meningeal symptoms were more marked The patient 
became restless, and wildly irrational Her neck was stiff The left internal rectus 
muscle weakness was more marked, as w'as the Babmski, and the Oppenheim 
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reaction was more definite Still no Kernig present There were many fresh 
areas of erythema nodosum on both shins Eyegrounds were negative except 
for vascular changes noted in November 

The following day the patient was semistuporous, the face showing the 
Parkinsonian masklike expression Rigidity of neck continued Babmski still 
present Patellar reflex not obtainable Blood culture and spinal fluid com- 
pletely negative At tunes there were severe pains running down the arms, of 
transitory duration, suggesting posterior root pain At this time the patient 
presented an appearance fairly characteristic of encephalitis lethargica, but as 
It occurred in the course of rheumatic fever, and with a negative spinal fluid 
It was considered to be cerebral edema, with pressure on the optic thalami 

Owing to the uncertain diagnosis I requested Dr Samuel Lambert to see 
her m consultation at 3 p m At 2 p m the patient’s respiration had become 
difficult, she was completelj comatose, recognizing no one The nurse and 
family were much alarmed When we saw her at 3 p m , she was bright, and 
recognized everyone readily, talked without discomfort, though the Babmski and 
stiff neck persisted February 25 slight facial weakness, and slight choreiform 
movements appeared February 28, though her temperature was running a 
lower curve, the patient again became rather stupid, and did not cooperate well 
She had slept most of the time for the past twenty-four hours On March 1 she 
was seen in consultation by Dr Foster Kennedy, who concurred in the diag- 
nosis of encephalitis, not epidemic m nature He also believed that her failure 
to cooperate and answer was due to an aphasia Eyegrounds still remained 
normal 

On March 4 the aphasia was less marked and better cooperation could be 
obtained She had no agraphia March 12, there was slight diplopia, the margin 
of the right disk was slightly indistinct, and patellar reflexes had returned 
By April 1 she had made a complete recovery The cardiac signs remained 
unchanged throughout her illness 

CONCLLSION 

This case is presented because of the particular interest attached 
to a diagnosis of a disease simulating encephalitis lethargica, but in all 
probability not etiologically related to it The symptoms are believed 
to have been due to a localized edema of the brain, first in the thalamic 
region or falx, causing, by pressure symptoms typical of true epidemic 
encephalitis, and an aphasia due to a small localized edema in the 
speech area The sudden remission of symptoms February 2, ivas due 
to the sudden disappearance of the edema, with consequent improvement 
of symptoms ^ 

1 Dr Foster Kennedy has repoited three cases of similar nature. Arch 
Neurol & Psychiat 7 S3 (Jan ) 1922 



GRAMMETRIC ESTIMATION OF PFIOSPHATES 

OF THE BLOOD 


PHOSPHATES IN NEPHRITIS 
WILLIAM J FETTER, MD 

PITTSHURGII 

The methods at piesent employed foi the estimation of blood phos- 
jihates invohe the use of coloiimetnc oi nephelometric determinations 
Innlxlen ’ lecenth desciibed a technic for the gravimetiic estimation 
of small amounts (from 1 to 4 mg ) of phosphoiic acid in muscle II 
seemed desiiable to attempt to apply this method to the estimation of 
jihosphates m whole blood This method jiroved m use to be sati*,- 
factory, and it was then decided to apply it to the study of the phos- 
phates m the blood in nephritis The excretion of acid phosphate by the 
kidney is one of the chief lines of defence of the body against an 
abnoinial accumulation of <icid in the blood, moieovei, the buffei action 
of the phosphates may help to keep the leaction of the blood within 
plnsiologic limits In the lattei mechanism it is obvious that only the 
inoiganic phosphate m the blood can be concerned It has already 
been stated by Maiiiott and Haesslei “ that the moiganic phosphates of 
the blood aic inci eased in scveie nephiitis, but the lelationship between 
inoiganic and total phosjihates in pathologic conditions has not been 
investigated so completely It tvas, theiefoie, tvith the object of obtain- 
ing data on this point that the piesent investigation was undei taken 

EXI’LRI MENIAL 

The method of Embden ' foi the estimation of phosphoiic acul 
depends on its piecqiitation in the form of the complex alkaloidal salt 
stiNchnin jihosphomolybdate The weight of the piecipitate obtained is 
equ.d to the weight of phosphoiic acid piesent, multiplied by 28 2*1 
A method essentially the same as this in principle has been applied 
b) Blooi to the nephelometi ic estimation of phosphoiic acid m blood 
but it wull be seen from the magnitude of the above factoi that fiom a 
relatively small quantity of blood, a sufficient precipitate can be obtained 
to w'eigh accuiately It seemed, theiefoie, reasonable to expect that 
the additional accuracy to be obtained by this giavimetiic method would 
more than couiitei balance the extra time expended in cairying it out 


From the Dcpaitmcnl of Therapeutics, University of Edinburgh 

1 Enilidcn Ztschr f Physiol Chem 113 138, 1921 

2 Marriott and Haessler J Biol Chem 32 241, 1917 
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Tcchntc — The technic of the method is as follows 

For the estimation of inorganic phosphate 5 cc of whole blood were 
employed The blood was measured into a 50 cc flask and diluted to about 
25 cc with warm water at a temperature of from 35 to 40 C The diluted 
blood was allowed to stand fifteen minutes with frequent shaking to insure 
complete laking and 10 cc of an 11 per cent solution of trichloracetic acid 
was then added The contents of the flask were well mixed and diluted to the 
mark with water After mixing and standing for a few minutes, the solution 
was filtered through a dry phosphate free filter paper Twenty-five cubic 
centimeters of the water-clear filtrate was taken for the estimation, and suf- 
ficient water added to make the total volume, after the addition of the precipitat- 
ing reagent, 75 cc The further steps will be described in connection with 
the estimation of total phosphates 

For the determination of total phosphates, 2 5 c c of whole blood were 
measured into a 25 c c flask and laked by dilution with warm water, as in 
the case of the inorganic phosphates It was then made up to the mark and 
well mixed Five cubic centimeters of this diluted blood was measured into 
a large silica test tube which had previously been cleaned by boiling strong 
sulphuric acid in it for twenty minutes There was then added 2 c c of a 


TABLE 1 — Value of the Use of Cane Sugar to Assist Combustion 
IN Total Phosphate Estimation 


rxpenineiit 

1 No Oane Sugar Used, * 
Mg H 3 PO 4 
per 100 C c 

Cane Sugar Added, 
Mg HsPOt 
per 100 C c 

1 

123 0 

119 6 

2 

125 3 i 

112 6 

3 

180 5 

128 8 

4 

134 5 

1331 

5 

127 4 

124 6 

6 

118 2 

128 8 

7 

1331 

126 3 

S 

79 3 

69 4 


mixture of equal parts of strong sulphuric and nitric acids and a few glass 
beads to prevent bumping The combustion of the organic substances was 
carried out carefully in a manner which was virtually identical with that 
described by Bloor® 

The mixture was first raised to boiling and the flame w'as then turned 
down until only a slow bubbling took place When most of the water had 
been driven off a small glass funnel was inserted into the mouth of the tube 
to eliminate all possibility of loss of contents by spurting and also to prevent 
the nitric acid from boiling off too quickly Heating at this rate w'as con- 
tinued until red fumes ceased to come off The flame was then increased 
and strong heating was continued for from eight to ten minutes In manj 
cases the contents of the tube after this treatment retained still a yellowish 
tinge If this were the case, a drop of strong nitric acid w'as added and the 
heating continued for one or two minutes By this treatment complete clearing 
W’as obtained 

Bloor® recommends the addition at this stage of one -or more diops 
of 1 per cent cane sugar solution and subsequent reheating until the 
brown color caused by the addition of the cane sugar disappears He 


3 Bloor J Biol Chem 36 33, 1918 
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slates that unless this precaution is observed, low results for phospliates 
aie obtained This point has been investigated and the results of 
analyses earned out with and without the use of cane sugar to assist 
the combustion are shown in Table 1 From these figures it appears 
that the lesults obtained without the use of cane sugar are, if anything, 
highei, but the difference is not veiy significant The cane sugar, 
therefore, was not employed in the majority of the analyses recordea 
herein 

After completion of the combustion and cooling, the contents of the tube 
i\ere thoroughl}' v ashed out with water into a 250 cc Erlenmeyer flask 
Three drops of hromophenol blue were added to the solution and the solu- 
tion was made alkaline with ammonia, dilute sulphuric acid was then added 
until the indicator just changed color After thorough cooling, the solution 
was treated with the precipitating reagent, the total volume being made up 
to 75 c c The further technic is the same for the determination of both the 
inorganic and total phosphates 

The precipitating reagent emploj'cd w'as that described by Embden ^ Two 
stock solutions were prepared — A, a solution containing 50 gm of ammonium 
mohbdate and 300 cc of concentrated nitric acid made up to 600 cc with 
water, and B a 15 per cent solution of strychnin nitrate The actual pre- 
cipitating reagent was prepared as required by mixing these solutions in 
the proportions of three parts of A to one part of B For each precipita- 
tion 20 c c of the reagent W'cre employed The precipitating reagent was poured 
into the phosphate containing solution and the mixture was allowed to stand 
with frequent shaking for one hour, thus insuring complete precipitation A 
jellowish, amorphous precipitate w’as obtained At the end of one hour the 
contents of the flask were filtered through a Gooch crucible which had pre- 
\iousIj been dried at 110 C and w'cighed It is important to use only gentle 
suction during filtration The precipitate was w'ashed, first with 25 c c oi 
ice cold diluted (1 5) mobbdic-nitric acid reagent, and subsequently wnth 
ice cold w'atcr until the w'ashmgs w'cre no longer acid The Gooch cru,cible 
was dried at 110 C for one and a half hours, cooled in the dessicator and 
w eighed 

The weight of the precipitate divided b}' 28 24 gives the weight of phos- 
phate expressed as H 1 PO^ In most cases the weight of the final precipitate 
obtained was of the order of from 10 to 20 mg and could, therefore, be weighed 
accurately with case With the quantities of blood usually employed this 
corresponds m the case of the inorganic phosphate to 2 5 c c of blood (5 cc 
of blood made up to 50 c c -25 cc of filtrate taken) and in the case of the 
total phosphate to 05 cc (25 cc of blood made up to 25 c c -5 cc of 
mixture taken) 

For the success of this method it is important to use reagents of 
the highest purity The estimations of inorganic phosphates in the 
blood should be done as soon as it is withdrawn or if this is impossible 
the blood should be kept on ice Bloor •* states that unless such pre- 
cautions are observed fallacious results are obtained This statement 
has been confirmed by actual expeiiment As stated above, the use 
of cane sugar during the estimation of total phosphates does not appear 
to exercise a marked influence on the results obtained, but attention 
must be diawn to the fact that the most satisfactory results in the 
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recovery of added phosphates from the blood were obtained when cane 
sugar was employed (Experiments 3 and 4, Table 2-B ) Sufficient 
experiments have not been done to decide this point definitely 

In order to verify the accuracy of the method, a number of experi- 
ments on the recovery of added phosphate from blood were carried out 
and are recorded in Table 2 It will be seen that the calculated and 


TABLE 2 — Estimation of Added Phosphates 


Number 

Added Phosphate 
E^pressed as 

Mg H 3 PO 4 
to 

5 0c Blood (A) 

2 5 0 c Blood (B) j 

Phosphate in ' 
Blood, 

Mg H 3 PO 4 
per 100 0 e 

Blood Plus 
Added 
Phosphate, 

Mg HaPOi 
per 100 0 c j 

Calculated 
Blood Plus 
Added 
Phosphate, 

Mg HaPOi 
per 100 0 c 

A Inorganic 
Phosphates 

I 

73 

11 92 

159 6 

158 

II 

6 55 

4 53 

137 

136 

III 

7 9 

14 8 

172 2 

172 8 

B Total 

Phosphates 

I 

89 

124 6 

1 

472 3 

480 

II 

59 

138 8 

3661 

374 8 

III 

32 

112 6 

240 

240 6 

I\ 

1 

60 

1 119 6 

355 5 

359 6 


observed results agree to within 1 per cent in the case of the inorgamc 
phosphate determinations, and to within about 2 per cent in the case of 
the total phosphates The greater error in the latter determination was 
probably due to the more difficult technic involved, as well as to the 


TABLE 3 — Inorganic and Total Phosphates or Normal Whole Blood 

Mg of EPPO" Per 100 Cc 


Subject 

Inorg inic 
Phosphates 

Total 

Phosphates 

Subject 

Inorganic 

Phosphates 

Total 

Phosphates 

1 

10 

! 

6 


128 8 


10 

124 : 


15 

129 6 


96 


7 

14 4 

124 6 


10 5 

102 


11 4 



119 

110 5 

8 

15 8 



15 2 

121 


21 2 

134 5 

3 

15 



18 8 

138 8 

4 

13 3 

135 9 

11 

14 8 

116 8 

5 


119 6 

12 

133 



118 2 



126 7 



122 5 

13 


135 



127 4 

14 

13 2 

125 

1 



15 


123 9 


smaller quantity of blood used Nevertheless, the accuracy of the 
method is more than sufficient to meet the requirements of clinical 
estimations 

The phosphates of a group of normal adults were determined and 
the results will be found in Table 3 The samples of blood were drawn 
m the postabsorptive state to eliminate possible variations due to food 
In one or two cases, several determinations were done on the same 
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subject and it will be observed in these cases that the results show but 
little variation, although considerable intervals of time elapsed between 
successive analyses 

In Table 4 are recorded the studies of fourteen cases of chronic 
nephritis The diagnoses were based on clinical symptoms and signs, as 
well as on laboratory examinations of the blood and urine In this 
table the phosphate values are correlated with those of the nonprotein 
nitrogen, chlorides, carbon dioxid combining power of the blood and 
the phosphates of the urine 

In Table 5 will be found similar determinations on six cases of 
acidosis, associated with nephritis, and one case (Case 7 ) of tetany with 
lowered alkaline reserve 

From a study of Table 1 the most noteworthy fact seems to be the 
relative constancy in the ratio of total to inorganic phosphate This 
ratio averages about 8 5 to 1 The cases of chronic nephritis recorded 
in Table 4 show but little change in this ratio In fact, there is but 
little difference between the results found m these cases of chronic 
nephritis and those for healthy persons As a whole, there may be a 
slight increase in the inorganic phosphate and a slight decrease in the 
total phosphate Patient 10 was a borderline case between an acute and 
chronic nephritis, having been quite ill before coming to the infirmary 
and very much improved when his blood was examined Unfortunately, 
his alkaline reserve was not estimated, but his unne showed an acidity 
of 40 c c per cent decmormal, and the ammonia nitrogen — urea 
nitrogen ratio was 0 13 The urinary acidity and the ammonia nitrogen 
and urea nitrogen were determined in the majority of these cases as a 
means to checking up the alkaline reserve Patient 13 gave a history 
of having had clinical signs of acidosis before admission to the infirmar}- 
but the alkaline reserve proved to be nearly normal Therefore, AVith 
but a small increase in the nitrogen retention, a normal or nearly normal 
alkaline reserve, a low output of acid in the urine and an ammonia 
nitrogen — urea nitrogen ratio approaching 0 03, the inorganic and total 
phosphates of blood do not vary considerably from the normal 

A study of the more severe cases of nephritis, those with uremia 
and acidosis, revealed an interesting change in the phosphorus com- 
pounds of blood Invariably there was a marked increase in the 
inorgamc phosphate, accompanied often by a slight decrease in the 
total phosphates, resulting in a low ratio of total to inorganic phosphates 

DISCUSSION 

The general deduction from the results recorded above seems to be 
that the phosphates in the blood in nephntis only show a marked varia- 
tion from tlie normal when the condition is associated with acidosis 
In cases of acidosis, the inorgamc phosphates are almost constantly 



TABLE 5 — Nlphritis with Acidosis, Whole Blood 


Phosnhates 
in Urine, 
Gm 

per Diem 

137 

0 355 

0683 

0 831 

115 

1105 

0 494 

0 615 

0 540 

0 769 

1 E09 

1947 

Phosphates 
in Urine, 
Gm 

per Cent 

0123 

0 091 

0 061 

0086 

0 087 

0126 

0 055 

0056 

0 052 

0 03 

0 058 

0 029 

0 095 

0055 

Alkaline 
Reserve, 
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11/16/21 

11/15/21 

11/22/21 

11/28/21 

12/ 1/21 
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This patient had been put on intensive treatment with sodium bicarbonate thus producing the alkalosis 
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increased above the normal value, sometimes to a considerable extent 
(Cases 1, 3 and 4, Table 5) This increase may be associated with an 
increase in the total phosphate (Case 3, Table 5) or the total phosphate 
may be normal or even low The high values of the inorganic phosphate 
suggest strongly that this substance is being mobilized to maintain the 
reaction of the blood within physiologic limits 

The fact that some cases show high values for total phosphates, and 
other cases show low values may be accounted for in the following way 
It IS possible to conceive of two types of acidosis which may be brought 
about by a disturbance in the normal function of phosphates in the 
body Either the kidney may lose the power of excreting phosphate, 
in which case acid phosphate would be retained in the blood thus pro- 
ducing a true “phosphate acidosis,” as indicated by high total phos- 
phates, or, owing to the abnormal rate of production of acids in the 
body or the failure of other mechanisms for their excretion (e g , the 
excretion of ammonium salts by the kidney), the phosphates of the 
body may be used up at such a rate for the purpose of excretion of 
acid that the total store of phosphates becomes depleted The first 
type IS represented by Case 3, Table 5, and the second type by Cases 1, 
2 and 7 In Case 2 the patient was treated with disodium phosphate 
(4 drams daily from the tenth) It will be seen that on tins treatment 
the alkaline reserve returned to normal, and coincidentally the output 
of phosphate in the urine increased Presumably, therefore, in this 
case the excretion of acid had become deficient owing to depletion of 
the phosphates of the body and this condition was relieved by the oral 
administration of phosphate 

In connection with this may be mentioned a case of acute nephritis 
in a child which was admitted to the Royal Infirmary before this 
investigation took place This patient on admission showed a severe 
nitrogen retention and acidosis, the output of phosphate in the unne 
being very much reduced The laboratory findings are recorded in 
Table 6 On the assumption that the acidosis was due to depletion of 
phosphate, disodium phosphate, in doses of 30 grams, every two hours, 
was administered On this treatment the condition of the patient 
rapidly improved, the acidosis disappeared and a laboratory examination 
two weeks later showed normal values for the nitroo-en of the blood 

o 

and an enoimous increase in the output of phosphate in the urine 

The administration of calcium has been suggested by Marriott and 
Howland^ to lelieve retention of phosphates According to the hypo- 
thesis outlined above, this treatment would be indicated only in cases 
such as Case 3, but so far it has not been possible to obtain data on 
this point 

4 Marriott, W McK , and Howland, J Phosphate Retention as a Factor 
in the Production of Acidosis in Nephritis, Arch Int Med 18 708 (Dec ) 1916 
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SUMMARY 

1 A gravimetric method for the estimation of the inorganic and 
total phosphates in whole blood is described 

2 The results are recorded of a number of analyses carried out on 
normal persons, cases of chronic nephritis and cases of nephritis with 
acidosis 

3 A suggestion is put forward as to the line of treatment to be 
adopted in relation to the findings of blood phosphates 



THE INCREASE OF CERTAIN VAGAL EFFECTS 
WITH INCREASED AGE 

N C GILBERT, MD 

CHICAGO 

During- the course of a consideration of the occurrence of respira- 
tory arrhythmia in old age, it became evident that there was an increase 
in certain vagal effects, coincident Avith mci eased age 

That theie is such an increase in vagal activity, is not a new 
observation Mention of such an increased activity has been made 
from time to time, but little definite evidence is to be gamed from the 
hteiature 

Allbutt ^ predicates such an overaction of the vagus with age He 
cites Dr Hugh Andei son’s experiments showing an increased vagus 
action m old cats and not m 3 'oung kittens He also quotes Wencke- 
bach’s observation that he had found the vagus especially active m 
anginal cases j\'Iore recently Vinnes " has shown that the effect of 
pressure over the vagus trunk was more pionounced m adults than in 
children Glaser,^ however, by a difffeient method, concludes that the 
vagus is moie actne m youth, and less active m old age 

In testing the response of the heait to stimulation of the vagus 
trunk as it descends in the neck beside the carotid, we had noticed 
certain differences m the degree of response which we thought to vary 
with age, and at that time, with cardiac pathology In order to detei- 
mine just what weie the factois which influenced the degree of 
response, the reaction was measured and tabulated in a series of 177 
cases, the patients ranging in age from 5 to 93 

Mechanical stimulation of the vagus by pressuie over the nerve 
as It descends in the carotid sheath is a piocedure which has been 
familiar since its description by Czernak about half a century ago, and 
lequiies no comment Its disadvantages are certain very obvious inac- 
curacies It IS quite possible that m some cases the nerve may escape 
stimulation altogether The moment of stimulation, the duration, or 
the intensity cannot be determined with accuracy It cannot be deter- 

From the Medical Service of St Luke’s Hospital 

1 Allbutt, C Diseases of the Arteries and Angina Pectoris, London, 1915 

2 Vinnes, E M G Genessk bladen 22 41, 1920, rev in Physiol Arch 
6 40, 1921 

3 Glaser, F Med Klin , 18 371, 1922 
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mined whether the effect is through a peripheral action, whether it is 
central through the opposite nucleus, or whether it is peripheral in one 
instance, and central in another 

In the cases here recorded the electrographic string was watched, 
and stimulation discontinued the moment any effect was noted Min- 
imal pressure was used at first, and m many cases, especially in the 
sixth decade, it was instantly productive If no effect was observed, 
pressure was increased, or the position changed The time of stimula- 
tion was recorded on the tracing, but was given no weight 

There were no uncomfortable sequels Some patients were momen- 
tarily unconscious, but were not aware of it themselves, and felt no ill 



Fig t — Pulse rate and the degree of sinus arrhythmia averaged in five 
3 ear periods and plotted according to age 

after effects So far as I have been able to discover, no serious results 
are recorded in the literature Robinson ^ comments on the safety of 
the procedure Wenckebach,® with a large experience, observed no 
ill effects but used great care My own faith in the certainty of the 
heait to escape from vagal stimulation was considerably shaken by one 
case early in the series A man, aged 65, after very light and momen- 
tary pressure, had a complete standstill, with no ventricular escape for 
5 76 seconds, when the normal sequence returned Wenckebach recoids 

4 Robinson, G C , and Draper, G J Exper M 14 217, 1911 , 15 14, 1912 

5 Wenckebach, K F Die Unregelmassige Hertztatigkeit, Leipzig u 
Berlin, 1914 
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a standstill of 6 seconds, as does Vinnes I do not feel that the pro- 
cedure IS without the possibility of danger In our cases in the fifth 
decade and past we ened on the side of safety, and used lighter 
pressure 

To secure those with normal hearts, chosen cases from the surgical 
and orthopedic wai ds, hospital attendants, physicians and students were 
used A normal tracing was taken with all three leads, followed by a 
stiip of Lead II taken during foiced deep respiration A tracing of 
Lead II was then taken during stimulation of the right and left vagus, 
01 the tiacings Avere taken in the reverse order 

Measurements Avere made to 0 01 seconds, AAdiich allowed of more 
than sufficient accuiacy Avheie the deviations Avere so extreme 



Fig 2 — Maximuni increase ni the R-R interval obtained by digital stimu- 
lation of cither A^agus, plotted in hundredths of a second, according to age 

Puhc Rate — The relation of pulse late to age m this senes is shown 
in Figure 1 The rates aie aAeraged in five year periods In so small 
a series the resulting curve is, of course, veiy uneven It shows, how- 
eA'-ei, a definite deciease in late to the age, 65-70, folloAved by a rise 
This agiees Avith the table compiled by Guy ° and summaiized by 
HoAvell ’ 

Sinus Aiiliythmia — The degiee of respiratory airhythm.a Avas 
measuied by the dififeience in length betAveen the longest and the 
shortest R-R inteivals in the noimal tracing Because of the small 
number of cases, AA'^e again have a very irregular curve, but the ten- 

6 Guy In Todd’s Cyclopedia of Anatomy and Physiology, London 1847 

7 Howell, W H Textbook of Physiology, W B Saunders Company, 
Philadelphia, 1915 
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dency to decrease with age is unmistakable The increase in the degree 
of respiratory arrhythmia in forced deep respiration followed a 
similar curve 

EFFECT OF DIGITAL STIMULATION OF RIGHT AND LEFT VAGUS 

The degree of effect of vagus stimulation was measured by the 
difference in length between the longest R-R interval in the normal 
tracing, and the longest R-R interval obtained on vagus stimulation 
The P-P interval frequently was longer than the R-R interval, but was 
not used because of the difficulty of determining in many cases whether 
the intervening ventricular complexes were in response to impulses 
generated low down with an iso-electnc P wave, or whether they were 
actual ventricular escapes 



Fig 3 — Maximum increase m the R-R interval obtained by digital stimu- 
lation of the right vagus, plotted m hundredths of a second, according to age 

A discussion of the variation in vagus effects on stimulation would 
require a more detailed analysis than can be given here There was 
no maiked difference between the right and left vagus The predomi- 
nating effect was a slowing of stimulus production, frequently with a 
decrease in amplitude of the P wave, which in some of the cases became 
iso-electnc or inverted As the pace-makei was displaced downward, 
a decrease in the P-R interval was noted in part of the cases In some 
of the younger subjects there was a generalized slowing of rate, 
although the R-R intervals were no longei than the longest observed 
before the stimulation 

An increase in the P-R interval of 0 01 second or more was present 
in less than one third of the cases Complete disassociation occurred 
in one case with both i ight and left vagus stimulation in a case of 2 to 
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1 block, and in two cases with right vagus stimulation, and in two 
cases with left vagus stimulation All of the subjects showing com- 
plete block had definite cardiac pathology, and all were over 60, except 
one, aged 34 

The diffeience in 001 seconds between the longest normal R-R 
mtenal and that obtained on vagus stimulation was plotted according 
to the age of the subject 

In Figure 2 is plotted the maximum increase with either vagus, and 
in Figuies 3 and 4 the increase with the right and left vagus is 
shown, respectively The three figtnes aie quite similar, and show an 
incicase in i espouse with inci eased age, with the possibility of a 
decrease m the latter part of the seventh decade and after 

That the inciease in i espouse is a function of the age of the subject, 
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Fig 4 — AtaMmuin increase in the R-R interval obtained by digital stimula- 
tion of the left vagus, plotted in hundredths of a second, according to age 

and not of the cardiac pathology, is indicated m Figures 5 and 6 In 
these chai ts are plotted separately the results obtained in cases present- 
ing definite pathology and those with no demonstiable pathology The 
maximum i espouse with eithei light oi left vagus is plotted 

It IS difficult to say that any person past middle life has a noimal 
heart, or what is normal foi the age We can only say in the cases 
used in this senes that they had no ciiculatoi) symptoms or demon- 
strable findings Aiteiioscleiosis was piesent m varying degiee in 
both series Functional kidney tests (jihenolsulphonephthalein) and 
blood chemistiy weie within noimal limits in the cases charted as nor- 
mal The two charts aie again essentiall}^ alike, and show only an 
increase m response with increased age 

In Figures 7 and 8 ai e plotted the changes in conduction time with 
right and left ^agus Decreases in the P-R iiiteival are plotted below 
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the base line, and increases in the P-K interval are shown above the 
baseline in 0 01 seconds, according to age Here, again, an increase 
in response is seen with increased age, as indicated hy an increase in 
the P-R interval Cardiac pathology could not be demonstrated to be 
a factor in the decrease of conductivity, although it is to be noted that 
all of the cases, except one of those showing complete block, were 
cases manifesting definite cardiac lesions It is possible that in a larger 
series a more definite difference could be noted in the effect on 
conductivity 

The heart cases were such as are usually found in the wards of a 
large city hospital, and represented all degrees of circulatory insuf- 
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Fig 5 — MaNimum increase in the R-R interval obtained by digital stimula- 
tion of either vagus in patients who showed a definite pathologic cardiac con- 
dition, plotted in hundredths of a second, according to age 

ficiency No relation could be demonstrated between the anatomic 
lesion, the severity of the lesion, or the degree of circulatory dis- 
turbance and the vagus effect 

It IS difficult to evaluate arteriosclerosis accurately The degree of 
arteriosclerosis was apparently not a factor High or low blood pressure 
was not a factor 

In general, but not invariably, the patients who were well under 
the influence of digitalis showed an increased effect One subject, a 
boy? aged 12, suffering from mitral stenosis with auricular fibrillation, 
who entered the hospital with extreme evidences of circulatory 
insufficiency, showed no response on entrance, but a moderate response 
when under the influence of digitalis 

The cases showing other evidences of overactivity of the vagus 
frequently, but not invariably, showed an increased effect 
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A consideration of individual cases renders it even more difficult to 
see tliat caidiac pathology has any bearing on the degree of vagus 
effect A subject with a mitral lesion, aged 37 , who was moribund, 
showed no effect A similar subject, aged 46, showed a marked effect 
A patient with carcinoma of the stomach, aged 54, with generalized 
metastases, showed a well marked effect two hours before death One 
patient aged 66, showed a marked effect when apparently well, and no 
effect later, when moribund with a nephritis The angina pectoris 
patients showed an effect proportionate to the expectancy for the age, 
and no more Some patients with marked angina showed no effect 
There would seem to be no relation between the degree of vagus 
effect and prognosis In the eighteen months of observation there 
haA e been no deaths in the group with increased response and no 
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Fig 6 — ^Maximum increase in the R-R interval obtained by digital stimula- 
tion of either vagus in patients who showed no demonstrable pathologic cardiac 
condition, plotted in hundredths of a second, according to age 


cardiac pathology Of the group suffering from cardiac disease, 
fifteen ha^e died These aie indicated by a circle m Figure 5 They 
are about equally distiibuted between those cases showing slight or 
no effect, moderate effect and marked effect In the case of patients 
d 3 ung suddenl}’’ and unexpectedly, the circle is surmounted by an S' 
Here, again, the vagus effect is not a factor, but an analysis would 
demand an accurate knowledge of the mechanism of the death m each 
case 

The foiegoing does not agree with the conclusions of Wenckebach, 
who considers that an increased reaction is indicative, but not invariably 
so, of pathologic changes in the cardiac muscle, and who is inclined to 
give a bad prognosis when a marked effect results from light pressure 
It IS interesting to note that the cases figured by Wenckebach fall 
within the ages when a marked response would be expected m either 
normal or abnormal hearts, according to the results shown here 
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Hough ® with experimental cats and dogs under anesthesia showed 
an increased effect when the heart was weakened by long experiment 
The anesthetic, however, introduces an unknown variable, as shown by 
Becht ” 

The question as to whether the increased effect of vagus stimulation 
with increased age is due to increased central activity or to peripheral 
changes involving the nerve endings or to changes in the tissues effected 
is of interest It is also conceuable that it could be due to a decrease 
in the activity of the sympathetic system If there be a decrease of 
sympathetic activity with age, we know nothing of it at present 



Fig 7 — Changes m the P-R interval obtained bv digital stimulation of the 
left vagus, plotted in hundredths of a second according to age Increases in 
the P-R interval are plotted abo\e the base line, and decreases in the P-R 
interval are plotted below the base line 

In the consideration of an increase in central activity of the vagus, 
an argument based on overactivity in other organs would again require 
proof that such an overaction was based on central and not peripheral 
changes The pulse is slower with age up to a certain point, but such 
a slowing is not necessarily a central phenomenon If there were an 
increased central activity of the vagus ve might expect to obtain vagus 
effects with smaller doses of digitalis in later life This was not the 
observation of Eggleston,^® who found a veiy slightly increased dosage 
necessary after 40 My personal obseivation is that the dosage is the 
same The validity of this aigument, however, depends on the physics 
of digitalis action 


8 Hough, T J Phjsiol 18 161, 1895 

9 Becht, F To be published 

10 Eggleston, C Digitalis Dosage, Arch Int Med 16 1 (July) 1915 
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Wenckebach concludes that the cause of the increased reaction 
lies in changes in the reacting tissue, consequent on pathologic changes 
in the tissue If disease is a factor at all, it is not a simple factor 
Age quite apparently is a factor, and it is quite possible that there 
may be changes coincident with age in either the nerve endings or 
in the reacting tissues, which results in a so-called lowering of the 
neui omusculai threshold It is interesting in this connection to recall 
the variation m atropm effect with age The effect of atropin is on 
the -vagus nene endings After paralysis of the vagus nerve endings 
^Mth atiopm theie is an increase in the degree of acceleration of the 
pulse up to the age of 30, and then a decrease, until in old age theie 
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Fig 8 — Changes in the P-R interval obtained by digital stimulation of the 
right \agus, plotted in hundredths of a second according to age Increases in 
the P-R inter\al are plotted above the base line, and decreases in the P-R 
interval are plotted below the base line 

IS little or no acceleration (Cushney^^) In my own experience there 
IS little or no acceleiation after the fifth decade, and exceptions are 
rare, although they do occur This would, of course, aigue equally 
well for a decrease in svmpathetic activit3q if we had any other evidence 
of such a deciease 

Respiiatory arrhythmia, and the increase in this arrhythmia with 
increased ventilation of the lungs, shotvs a decrease with age This 
might be construed as indicating a deciease in the cential activity of 
the vagus But it is to be remembered that while such arihythmia 
depends on the activity of the vagus nucleus for its appearance, it is 
not purely a vagus phenomenon, and that other factors not checked 
here enter into its appearance 

11 Cuslin 3 ’-, A R Textbook of Pharmacology and Therapeutics, Phila- 
delphia, Lea and Febiger, 1918 
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The preponderance of the little evidence we have appears to be 
in favor of the increased activity being due to changes in the nerve 
endings or the reacting tissues Proof will depend on animal 
experiment 

The fact of such an increased vagus effect accompanying increased 
age opens a wide field of possibilities, on which we will not attempt 
to speculate Such variations with age and with other pathologic or 
normal changes in tissues are of immediate physiologic and clinical 
importance 

A point of especial interest m the present instance is the bearing 
on the increased liability to the “vagal death” of Allbutt, and Capps 
and Lewis, and on the hypotheses of Verdon 

One would like to regard the increased vagus effect as conservative 
m character It is possible that it might be regarded as one factor in 
a more labile depressor mechanism Should we accept the theories of 
Hering and of Gaskell there would be a tendency toward an increase 
of the anabolic processes with age In the light of our present knowl- 
edge, howevei, any comment on the significance of this phenomenon is 
treading on unsafe ground 

SUMMARY 

1 In a series of 177 cases, the subjects ranging in age from 5 to 
93 years, there is shown to be an increase in the response of the vagus 
to digital stimulation coincident with increased age 

2 This increase is a function of age alone and not of pathologic 
changes in the heart 

3 Whether the increase is due to central changes or to peripheral 
changes in the vagus or tissues affected cannot be proved from the 
evidence at hand 


12 Capps, J A, and Lewis, D Am J M Sc 134 130, 1907 

13 Verdon, W Angina Pectoris, London, 1920 



STUDIES OF EXOPHTHALMIC GOITER AND THE 
INVOLUNTARY NERVOUS SYSTEM 

LEO KESSEL, MD, CHARLES C LIEB, MD 

AND 

HAROLD T HYMAN, MD 

III A STUDY or nrTY CONSECUTIVE CASES OF EXOPHTHALMIC 

GOITER 

LEO KESSEL, MD, HAROLD T HYMAN, MD 

AND 

HERMAN LANDE, MD* 

NFW \ORK 
INTRODUCTION 

This leport is a detailed account of the course of fifty cases of fully 
developed exophthalmic goiter In oider to eliminate the personal 
factor m diagnosis, no patient was included in this group in whom 
the clinical diagnosis was not confirmed by a distinct and continuous 
ele\ation of the basal metabolism The course of the illness was fol- 
lo^\ed with as little interference with the natural tendency of the dis- 
ease as was compatible with the comfort of the patient While of 
course, this could not be accomplished in as clearly defined a manner 
as the maintenance of a laboratory control, at least it is tiue that in 
these patients no specific therapy was instituted The couise of the 
symptoms and of the basal metabolism was closely followed, and the 
results obtained weie estimated on the basis of restoration to social and 
economic usefulness, and on the return of the metabolism to within 
normal limits 

The obscivations made on this group of patients is the first step 
m the crystallization of a definite therapeutic policy for exophthalmic 
goiter, foi with the establishment of the spontaneous course it will 
be possible in future studies to evaluate accuiately the efficacy of 
“specific” therapeutic procedures 

In the two papers ^ that precede this one will be found a descrip- 
tion of two gioups of patients often erroneously included in reports 
dealing with exophthalmic goiter The first gioup included patients 
who have a lump in the neck, and who have none of the primary 
or secondaiy manifestations of exophthalmic goitei, and no elevation 
of the basal metabolism In the second group were patients who, with 
or without thyroid enlargement, jiresented symptoms and signs best 

* Dr Lande is solely lesponsible for the metabolic studies in tins as in 
the preceding papers 

1 Kessel and Hyman Am J M Sc To be published 



lABLE 1 — A Symptomatic, Mctabolic and Economic Stud/ of the Results Obtained in Fifty Consecutive Cases or Graves 
Syndrome Obsi rvld Without the Institution of “Specific” Ihfrapv (“Spontaneous Course ) 
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ARCHIVES OF INTERNAL MEDICIA'E 


grouped under the single term of “sympathomimetic,” the term of 
Barger and Dale ^ to denote “manifestations that are tantamount to 
electrical stimulation of the thoracicolumbar division of the involun- 
tary nervous system, or to stimulation of this same system by 
adrenalin ” Such symptoms include the cardinal clinical symptoms of 
tachycardia, exophthalmos, goiter and tremor, and the minor symptoms 
of exophthalmic goiter, such as diarrhea, sweating and palpitation In 
these patients there was no alteration in basal metablism, and no 
evidence that an alteration had even been present To this clinical 
syndrome of sympathomimetic symptoms without elevation of the 
basal metabolism we have applied the term autonomic imbalance It is 
solely by the absence of an elevation of basal metabolism that these 
patients are distinguishable objectively from patients with exophthalmic 
goiter 

MATERIAL STUDIED 

The patients were studied in the wards of the Mount Smai Hos- 
pital ^ The following points are to be emphasized (1) The symptoms 
presented were sufficiently severe to warrant residence m a hospital 
where beds are at a great premium, (2) the patients in our institution 
present a racial nervous and emotional instability, (3) the patients 
come from the poorest sections of the city, and are subject to constant 
economic strain, (4) the history of fifty consecutive patients is pre- 
sented irrespective of the end results An attempt was made to follow 
each patient Where contact was lost we regard the case as a failure 
and so report it 

The abstract of a case history given below is typical of the studies 
made of each of the patients Where symptoms could not be measured, 
the intensity was indicated on the basis of four plus (4 -j-) Special 
attention was paid to the sequential history, which detailed the com- 
plete life of the patient This served two purposes First, to throw 
light on the natural history of the illness , and, second, to guide in the 
management of the individual patient 

II N (208121), female, aged 26, single, was an art illustrator 

Past Illnesses — Patient had measles and scarlet fever four times in child- 
hood , pertussis twelve years ago , epidemic influenzal pneumonia two years ago 
Her tonsils and adenoids i\ere removed sixteen years ago 

Peisonal Histoiy — Menses began at the age of 16, occuiring ever> twenty- 
eight dajs and w'ere of three days’ duration 

2 Barger and Dale J Phjsiol 41 19, 1910 

3 The clinical studies w^ere carried out in the wards of the Alouiit Sinai 
Hospital on the medical services of Drs Brill and Libman and in the out- 
patient department in the classes of Drs E Moschcowitz and R Ottenberg, 
the laboratorj studies, in the department of pharmacology of the College of 
Physicians and Surgeons, Columbia University The w'ork has been made 
possible b\ a fund established for the purpose by the New York Foundation 
and bj ^Ir Felix N arburg 
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Scqiiciitwl Htstoiy — The patient was born in Canada Her life was unevent- 
ful until eight j ears ago \\ hen she was told bj telephone that her father had been 
killed She was greatly shocked and was unable to talk for several days A 
few months aftei this, the goiter was noted but she had no other symptoms 
lodids were administered without effect on the gland Despite financial 
reverses, she was w’ell for the next two a ears Then she experienced nervous- 
ness, exophthalmos, asthenia, tremor and taclncardia, and she lost 30 pounds 
weight Her plnsician regaided her condition as so precarious that he gave 
her three months to lue She w’as treated with injections but without benefit 
She then came to New York and lested at the home of an aunt where she was 
carefulh nursed She gained 30 pounds w'Cight and resumed her work in 
the art school Because of the unsightliness of her goiter, she sought operative 
treatment, although she was then sjmptom free She entered the hospital, and 
examination retcalcd, besides the goiter, only tremor and a pulse rate of 100 
A hemithj roidcctomj was performed and the specimen w’as reported to be a 
parcnclnmatous and colloid struma After operation she felt that her condition 
was unchanged, her goiter was no smaller A few' months later she was 
desperateh ill with pneumonia She resumed her w'ork in a few months and 
was well until six months ago when her prc\ious symptoms recurred She 
also had a growth on her knee which she was told was tuberculous She 
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submit to tlnroidcctom} Before this operation examination revealed a pulse 
rate of 98, exophthalmometer, 20, basal metabolism 10 and -}- 16, and a 
tremor The operation was done under local anesthesia, the middle and 
left lobes were remoecd, and the report was parenchjmatous goiter She was 
returned from the operating room in a precarious condition and was des- 
pcratch ill for five days She finally w'cnt to the country and convalesced 
nicely One month ago all her previous sjmptoins returned w'lth the severity 
of her first crisis 

Aualomtc Status — The patient was w'cll nourished , her liaii w'as black, streaked 
with gra> , the outer portion of the eyebrow's w'as sparse, systolic murmurs 
were present at both apex and base w'lth respiratory arrhythmia and dynamic 
abdominal aorta, a spastic sigmoid w'as palpable The digits tapered Emo- 
tionalism and vasomotor instability were marked Scars w'ere present over the 
thyroid A large thyroid remnant persisted, irregular in shape, soft to the 
touch and w'lth a bruit over it The nasal septum was deviated The tonsils 
were crjptic and half buried All eye signs w’eie present Locomotion pulse was 
present in the vessels of the fundus 

Laboiatory Data — Tests revealed Hemoglobin, 93 per cent , red blood cells, 
4,200,000, white blood cells, 7,100, lymphocytes, 31 per cent , platelets, 20,000, 
bleeding time, 5 minutes (secondary purpura) Urea, IS, incoagulable nitrogen, 40, 
uric acid, 3 , creatinin, 1 55 mg per hundred cubic centimeters , sugar tolerance 
test, 113/220/180, occasional albuminuria w'as noted Phenolsulphonephthalein, 
62 per cent , reaction to epinephrm was + and to atropin + -f- + + 




TABLE 2 —Preexistent Syupatheticomimetic Symptoms (Autonomic 
Imbalance) in Patients Now Suffering from 
Exophthalmic Goiter 
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• llio symp-itlieticomimeUe “score” js obtained by adding the number of symptoms listed 
The epinepUrIn reaction is estimated by the extent of the pressor response (0 = below 12 mm , 
1 = 12-15, 2 =: 15-20, S = 20-25, 4 = over 25), the atropin reaction by the pulse rate variation 
(0 = below 10 per minute, 1 = 10-15 2 = 35-20, 3 = 20-25, 4 = over 25) A dash (— ) in either 
column indicates that the test was not done Note that there is no relationship between 
“score” and intensity of drug reactions Compare these symptoms with present symptoms- 
of exophthalmic goiter and with residual symptoms In “arrested’’ cases 






















KLSSLL, HYMAN AND LANDL—GOITER 


439 


Cou! <:c — ^The hospital course was complicated by tonsillitis Roentgen-ray 
treatment of the tonsils was started She went to the country for one month 
and then remained home at full rest foi one month She has been at work 
e\er since Despite the illness of hei mother and trouble with the landloid, she 
has been fice of symptoms for fifteen months 

SuMM^R\ Psychic insult, exophthalmic goiter, recoiery fiom first crisis, 
intcrial heniithyroidcctoniy , second ciisis, partial thyroidectomy, third crisis, 
spontaneous lecoierj , well now for more than a year and doing full work 

ETIOLOGY 

Picdnpo'snig focto )<: — In a small group (10 pet cent ) of patients 
no prcMOUs s}mptomb \vcic noted In 90 pei cent of the patients, 
peisistent oi reclining s 3 'mptoms existed When these weie tabu- 
lated, the s\ndiome of autonomic imbalance was again icconstiucted 
(Table 2) ' 

Stern * has called attention to the piesence of a piedisposition He 
emphasired, as did Charcot,"’ the incidence of functional nervous dis- 
orders m this group Foui of our patients had psychoses, two had 
epileptic couMilsions, and two had hysterical aphonia 

1 '\BLE 0 — Rf-SUML or Etiology in Cases Studied 


Coiulitloii * ' No Cnses | Per Cent 


Ps\clilc Incult (iloncl I 

Psychic insult (ii'socJntod iilth other fnctor) i 

18 

85 

V 

72 

Pocnl Infection (tonsils) | 

11 

27 

I ociil Infection {‘slnti'os) 

8 

G 

Pocnl infection (totnl) 

20 

40 

DIctnr 3 Insufllcloncj 

2 

4 

‘Jerc epoch 

4 

8 

Dnhnoivn 

0 

18 


' I'Koclntcd conditions nrc not listed Direct cniisnl relntlonshlp must bo demonstrable 
to 11 arrant Inclusion In this table 


The predisposing faclois boie no relation to the age of the patient, 
to the duration, or to the type, of thyroid enlargement 

E\ciimg Causes " — By far the most frequent and impoitant exciting 
cause was psychic insult In 72 pei cent of the histones this was in 
immediate lelationship to the onset of the disease Focal infection 
played an exciting role in 40 per cent, the focus being piesent almost 
constantly in eithei the tonsils oi the sinuses Alterations in sex life 
and dietary insufficiency weie operatue in a small number In many 
of the patients more than one exciting factor occuiied (Table 3) 

PATHOLOGY 

Ihvo complete neciopsies w^ere made In Case 49, in which death 
w'as due to cardiac failuie following pneumonia and peiicarditis, the 

4 Stern Jaliib f Psychol 29 179, 1908 

5 Charcot Clinical Lectures 

6 Under this caption we arc not discussing the primary cause of the 
disease 
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thyroid gland was colloid In Case 8, in which death was due to a 
psychosis associated with the exophthalmic goiter, the summary of the 
pathologic findings was (1) hyperplasia of the thyroid gland, (2) per- 
sistent thymus (weight 20 gm ) , (3) edema of the lungs , (4) absence 
of lipoid in the sections of the suprarenal, (5) parenchymatous degen- 
eration of the liver 

SUBJECTIVE SYMPTOMS 

Asthenia (88 per cent ), loss of weight (84 pei cent ), palpitation 
(84 per cent ) and nervousness (80 per cent ), were the most frequent 
symptoms Of the cardinal symptoms of exophthalmic goiter, goiter 
was present in 78 per cent , and the subjective presence of exoph- 
thalmos was reported in but 60 per cent , and of tiemor in 70 per cent 
The surprising frequency of dyspnea (62 per cent ), vomiting (30 
per cent ), dj'-sphonia (24 per cent ), dysphagia (10 per cent ), head- 
ache (28 per cent), precordial pain (14 per cent), and pain in the 
eyes (16 per cent), is worthy of comment 

Palpitation — Palpitation bore no constant relation to the heart rate, 
blood pressure or pulse pressure It was usually precordial, but at 
times epigastric In patients whose symptoms had otherwise been alle- 
viated completely, mental or physical strain sometimes induced sharp 
attacks of palpitation 

Dial i hen — The most characteristic type of diarrhea was the passage 
of frequent, small stools, but the total daily amount of feces was not 
excessive The stools themselves weie normal The diarrhea was 
unaffected by diet and drugs The patient might continue to gam 
weight, even when this symptom was distressing Its occuirence was 
much more frequent m the group of older women, of whom seven of 
twelve suffered from this complaint 

Dyspnea — This symptom was present with surprising frequency It 
was not associated with either cardiac or pulmonary disease and was 
not necessanly present in those with the highest metabolism 

Asthenia — Asthenia was usually the earliest and most persistent 
sjmptom Of the six patients who did not complain of asthenia, five 
were males 

Dysphoma — ^In none of the patients who had dysphonia was any 
abnormality present in the larynx None of the patients had a sub- 
sternal goiter Of the four patients who had substernal goiter, none 
had hoarseness 

Dysphagia — As with the symptom of dysphonia, no mechanical 
reasons could be found for this symptom 

Edema of the Feet — This symptom occurred five times In one 
woman it was due to \aricose veins, in the others no static, circulatory 
or renal cause was present 
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TABLE 4 — Objlcti\l Signs and Laboratory Data in Exophthalmic Goiter* 
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* PulFO pros'-uros uprc nil iibo\c 10 inin Hg nnd 30 per cent In older ■women flno tremoi 
was uniisnal, c^oplithiilmos usunlly ■\\as below 20 nnd nccK circumfcience. rnrcly exceeded 30 cm 
except wben tbero ■was n larfic discrete tumor In younger -Homcn, fine tremor wns more 
frequent, exopbthnlmos usunlly exceeded 20 nnd neck circumference wns greater than 30 cm , 
duo to difliwc nnd unlfonn tbjrold cnlnrgoment Bruit wns not necessarily present in the 
severest cases Bjnipbocytosls Invnrlnbly -was present but did not parallel the severity of 
tbe disease Cbolcstorin usunlly dlmlnlslicd in amount but not in inverse relation to the 
bnsnl metabolism elevation .Sugar tolcrnneo test wns frequently normal Basal metabolism 
nnd pulse rate were not necctoarily elevated concspondingly 






































4^2 ARCHIl LS OF IKTERNAL MEDICINE 

Pain in the Lyes — In two of the eight women who complained of 
this sMiiptom, the exophthalmos was very slight 

OBJECTIVE SYMPTOMS (TABLE 4) 

Skin and Appendage:, —¥\hy per cent of the patients piesented 
the scantj eje-brovs so characteristic of m 3 ’-xedema Five patients 
had a gcnerah 7 ed diffuse blown pigmentation In one of these patients 
the disease was acute 

Laivnqcal and Rliinologic Findings — (Drs Yankauei and Kaempf- 
fer) Y'lthout exception foci of infection were present in the nose 
or tin oat in all cases Purulent secretion was expiessed from the 
tonsils of all patients, four had hypeitrophied lingual tonsils, and five 
had sinus infection Activity in these foci, or reinfection, at times 
caused serious and piotracted remissions of the exophthalmic goiter 
Surgical drainage of a sinus or tonsillectomy often alleviated the 
s^ mptoms 

Taehycai dia — The great difficulty in obtaining a basal pulse rate 
dctiacts from the importance of this constant symptom The lability of 
the pulse rate is so great that it is practically impossible to obtain a 
satisfactory norm Pulse rates taken during sleep often, but not 
nnaiiably, shoved a marked decrease A compai atively slow pulse 
was observed wuth relatnely high metabolism (Cases 6, 21, 37 and 45) 
A marked decrease in metabolism occurred without slownng of the 
pulse late (Cases 25, 27, 28 and 31) Digitalis did not altei the 
tach) cardia 

The Hcai f — Tw eh e patients show'ed definite enlargement In none 
was there an accompanjing \alvular defect In three of these cases, 
the electrocardiogram show'ed left ventricular preponderance In two 
others of this group there w'as aunculai fibrillation 

Caidiac Sounds — In many of the patients the snap of the first apical 
sound and the accompanying thrill simulated closely the signs in mitral 
stenosis In onlj one (Case 27) could w^e feel suie that a true stenosis 
existed Systolic murmurs at the apex and base weie common and 
of no significance 

Llcci) oca) dwgi am — Auricular fibrillation w'as seen in four patients 
In one (Case 45), the attack was transitor\' during a bronchopneumonia 
In Cases 48. 49 and 51 the fibrillation w^as persistent In Case 48 
quinidin and in Case 51 digitalis, was without eftect All of these 
women were in the older group and none had substernal thyroids 
The absence of left ^entrlcular preponderance in the majorih' of 
patients with cardiac enlargement was thought to indicate a concentric 
h\ pertropln 
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Blood Picsswc — Cases 2 and 50 had a definite hypertension in the 
absence of cardioienal disease Labilit}’- of the blood pressure was 
sti iking, the systolic piessure Aaiying between 140 and 220 mm of 
mercury. 

Pulse Picssujc — In every instance the pulse piessuie was distinctly 
increased, both on an absolute and a percentile basis Diastolic pressure 
uas lov in all, and in thiee patients (Cases 11, 19 and 30) the sounds 
could be heaid at zero This was a tempoiaiy phenomenon In 
none of these patients uas aortic disease present 

Spleen and Supeificial Lywpli Abodes — The associated enlargement 
of these structures was surpiisingly fiequent In none of the patients 
vas theie an} obiious explanation for the adenopathy In acute febrile 
cases the enlaigemcnts weie fiequent and often painful In one patient 
(Case 30) these organs enlarged stiikingl} as the lesult of an 
epinephiin leaction 

Ticmoi — The lapid fine tremoi of exophthalmic goitei was no 
moie frequent than a coarse, slow, inegular tremoi The latter was 
encountered paiticularly in the gioup of older women 

E.\ophihalmos — The relationship between the presence of exoph- 
thalmos and the age of the women at the onset of the disease as noted 
b} Trousseau ' uas confirmed In the younger group of patients, who 
developed their illness before the age of 35, the bulging was striking 
and was rarel} belou 20 mm In the older gioup, exophthalmos was 
frequently absent, and if present was raiely marked, m only one of 
the tvehe women in this group did the measurement exceed 20 mm 

Plummer ® regards exophthalmos as a most important differential 
point in the diagnosis of toxic hypei plastic and toxic nonhyperplastic 
goiters It IS his belief that an alteiation in the construction of the 
th}roxin nucleus determines the pioduction of the exophthalmos The 
sti iking role of the age of the patient, as demonstrated above, indicates 
that it IS a change occurring in the end oigans rathei than an alteia- 
tion in the thyroid stiuctuie or secretion that determines the presence 
of this symptom The degiee of the exophthalmos does not paiallel 
the seventy oi piogiess of the disease 

Exophthalmos is not pathognomonic and can be obseived m other- 
wise noimal patients and in those with autonomic imbalance’- 

Oculai Manijestations — (Dis Schlivek, Wolff, Bainett and Ten- 
ner) The oculai manifestations seem to have been greatly over- 
emphasized xA.ny 01 all of the classical signs may be present in normal 
people 01 in those with autonomic imbalance Fuithermore, these signs 

7 Trousseau Cluneal Lectures, published by the Sjdenham Society 

8 Plummer Tr A Am Phys , 1916, p 138 

9 Sattlei Die Basedowisclie Kiankheit, Engelmann 1909 
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are transitory Aside from the exophthalmometer readings, the most 
valuable sign m our experience has been the locomotion pulse of the 
^ essels in the fundus ocuh 

Goitc) — Fourteen per cent of the patients had a thyroid gland 
that was \isibly and palpably normal A normal or very slightly 
enlarged gland was the rule m the group of the older women The 
consistencj of the glands varied Six patients presented enlargements 
that were due to discrete nodules within the substance of the gland, 
presumably either cysts or adenomas Two of these six patients (Cases 
12 and 24), both younger women, had exophthalmos The remaining 
four (Cases 45, 48, 49 and 51) of the older women had no exoph- 
thalmos Eight patients had substernal goiters, none of these had 
pressure manifestations Thrills, bruits and murmurs were present 
over the gland m twenty patients, the presence or absence of these 
bore no relation to the seventy of the disease “Goiterophobia” was 
the cause of unusual mental distress in many of the patients 

Anth) opologtc Make-Up — We did not constantly encounter the 
thyroidal “type” of the endocrinologists Many of the patients were 
of the thyroid habitus, as many had the characteristics of the other 
so-called “endocrine types ” That this was due to associated involve- 
ment of other endocrine glands seems a rather poorly constituted bio- 
logic argument 

The Liver — In both patients who came to necropsy the liver was 
extremely small, though in neither was there cirrhosis 

Fevei — In the acute cases and in acute exacerbations fever was 
present When it accompanied psychoses it was of serious prognostic 
omen 

Loss of Weight — The weight usually furnished an excellent index 
of the progress of the disease Maintenance of weight or tendency to 
gam was a fa^orable prognostic index The gain of weight was often 
quite extraordinar>% and might proceed in spite of a constantly and 
great!} elevated metabolism (Cases 29 and 51) 

The Endociine System — The problem of polyglandular involvement 
is so difficult of approach that we shall limit ourselves to a discussion 
of clinical findings The observations on the thyroid have been men- 
tioned pre^ loush At the necropsy m Case 8 a persistent thymus and 
a diminished suprarenal cortex \\ere found This patient also had 
atrophic testes, but the atrophy was no more marked here than m 
the other parencln matous organs Menstrual irregularities were defi- 
nitely associated with the disease in eight patients The type of the 
disturbance was not constant and the pelvic contents w^ere normal 

10 Miriiie Da\td Bull Johns Hopkins Hosp 28 359, 1907 
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Hematologic Findings — The hemoglobin and led cells were normal 
In all but three patients there was a lelative and absolute lymphocytosis 
There was no definite lelationship between the seventy of the disease 
and the degiee of lymphocytosis 

Mciabohsm — The blood constituents showed no constant alteration 
The nitrogenous pioducts were normal except in Case 8 at the time 
of the febrile psychosis, when, in the face of normal renal function, 
the values rose considei ably The increase consequently was a catabolic 
phenomenon Except for the increase m this same patient, the uric 
acid and creatmm a allies were normal With one exception all of 
the patients had a blood cholesterol well below the upper limit of nonnal 
The diminution m the cholesterol content was no accurate index of 
the seveiit} of the disease Sugai tolerance tests were made on 
tw ent} -seven patients, in nine the leturn to nonnal was obtained within 
two houis This test, consequently, W'as not sufficiently constant to be 
a reliable diagnostic sign 

The 0x3 gen consumption was determined m the estimations of 
basal metabolism To establish the diagnosis of exophthalmic goiter 
in clearly defined cases, such as these, the basal metabolism is of little 
\alue In another place ^ w'e have discussed its crucial value, how- 
e\er, in the exclusion fiom the group of exophthalmic goitei of 
patients with autonomic imbalance We have arbitiarily chosen to 
accept the basal metabolism as the best available objective diagnostic 
sign For the present w'e do not accept as exophthalmic goiter a 
case 111 wdnch there is not, or has not been, a constant and distinct 
elevation of the basal metabolism For the estimation of the progress 
of the disease it is unquestionabl}' the best objective index There 
are, how^ei er, sti iking exceptions to this, and patients ma}^ have severe 
manifestations of the disease and a slight elevation of metabolism 
(Case 3), or they may be progressing favorably and the metabolic 
elevation (Case 29) persist unchanged 

We have included one patient (Case 11), whose metabolism was 
never above -}- 8 This giil w'as 13 3^ears of age, her height was 66 
inches and hei w'eight 135 pounds Her oxygen consumption was dis- 
tinctly elevated, but the normal figures for hei age brought her basal 
metabolism w'lthin normal limits In view of the clinical findings 111 
this patient, w^e w^ere compelled to ignore the metabolic test 

Di ug Reactions — In Table 5 will be found the results of the atropin 
and epinephnn tests Tw^o patients (Cases 12 and 13) did not respond 
to epinephnn There was no constant relationship between the pressor 

11 Janney and Henderson Arch Int Med 26 297 (Sept ) 1920 

12 DuBois Arch Int Med 17 915 (June) 1916 Means and Aub Arch 
Int Med 24 645 (Nov ) 1919 

13 Means and Aub J A M A 69 33, 1917 
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and accelerator reactions, nor between the circulatory response and 
the subjective or objective symptoms The severity of the epinephrin 
reaction maj be so great as to be alarming The drug should never 
be administered at the height of the disease, and a preliminary injec- 
tion, not exceeding 02 or 0 3 c c should be made 

Tlie atropin response was absent m only 24 per cent of the patients 
tested It bore no relation to the epinephi in response, to the symptoms 


TABLE 5 — Responses of Patients with Exophthalmic Goiter to 


Epinephrin and Atropin Injections 


Name 

Before Epinephrin 

After Epinephrin 

Minims 

Epine- 

phrin 

Used 

Pulse 

Pulse 

Blood 

Pressure 

Pllisc 

Biood 

Pressure 

Before 

Atropin 

After 

Atropin 

Albeck 

110 

120 

no* 

142* 

5 



Albert 






102 

132* 

Belford 






78 

120* 

Belkin 

90 

120 

104* 

138* 

6 

76 

128* 

Berko witz 

100 

114 

109. 

118 

6 

100 

130* 

r Cohen 

108 

120 

114* 

152* 

5 

100 

140* 

rhinkclmnn 

120 

136 

148* 

156* 

7 

114 

132* 

UroEn 

128 

120 

130 

126 

5 



Faber 

100 

110 

130* 

150* 

3 

104 

120* 

Feldman 

110 

120 

204* (?) 

184* 

7 

112 

120* 

Fox 

72 

110 

108* 

138* 

7 

80 

100* 

Fisher 


120 


178* 

3 

103 

128* 

Goldstein 

130 

138 

156* 

ISO* 

3 



Green 


90 


160* 

7 

103 

132* 

Griffith 

106 

U4 

118* 

198* 

6 

106 

110 

Hamburger 






112 

120 

Hnndcl 

100 

104 

120* 

160* 

6 

108 

104 

HolTman 

93 

94 

110* 

138* 

5 

104 

108 

Honig 

SO 

104 

90* 

142* 

5 

80 

106* 

Tnndus 

124 

130 

128* 

154* 

5 

124 

134* 

Kaplowltz 

116 

122 

132* 

100* 

7 

120 

132* 

Kraft 

104 

100 

124* 

ICO* 

6 

104 

132* 

Lltschstcin 

110 

100 

120* 

188* 

3 

120 

148* 

Macgelin 






108 

184* 

Nacht 

120 

170 

124* 

192* 

7 

120 

120 

Naimon 

90 

130 

120* 

160* 

5 

92 

118* 

Prcisler 

120 

124 

138* 

170* 

5 

112 

138* 

Raskin 

83 

104 

112* 

188* 

5 

84 

106* 

Rodamon 

70 

124 

70* 

170* 

4 

120 

150* 

Rosenthal 

120 

130 

132* 

150* 

2 

110 

104* 

Sigismund 

92 

134 

100* 

146* 

7 

102 

100 

Silvcrstein 






00 

122* 

Spiegel 






130 

142* 

Tangual 

100 

108 

100* 

120* 

7 

112 

140* 

Weiner 

100 

130 

136* 

154* 

7 

112 

134* 

Weistein 

90 

100 

lOO* 

112* 

5 

90 

74 

Wollman 

100 

114 

120* 

140* 

0 

112 

IK) 


* Posithe response 

Recapitulation Ot 34 patients tested wltli atropin, 20 reacted, or 70 per cent , of 31 
patients tested with epinephrin, 29 reacted, or 93 per cent 


or to the severity of the disease The initial vagus center action was 
usually present and bore no relation to the epinephrin response It 
should again be emphasized that both these reactions may occur in 
normal persons, and particularly in patients v ith autonomic imbalance 
The interpretation of the sensitneness to epinephrin has recently 
come in for a great deal of comment^* We ha\e shown that sensiti- 
zation to epinephrin may occur in the complete absence of the thyroid 


14 Lieb, C C, and Hjman H T Am T Plnsiol 63 60, 88 (Dec) 1922 
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gland, and that the alleged syneigism between thyroxin and epmephrin 
and the alleged action of thyioxin on the involuntary nervous system 
are based on an eironeous interpi etation of labor atoiy data 

The subjective manifestations lesultmg from the epmephrin injec- 
tion closely mimicked the original complaints of the patients 

Psyche — These patients were chaiacteristically sensitive, restless 
and emotionall} unstable Foui patients had tiue psychoses, in two 
of these, death occuiied When the psychosis is associated with fever, 
the prognosis is paiticulaily poor 

TYPES or DISEASE 

Two factors w'ere revealed as deteiminants in the clinical variety 
of the manifestations of the disease Of these, the first w^as the 
existence of the piedisposition (autonomic imbalance) Its impor- 
tance lay in the fact that the piognosis in patients wnth piedisposition 
must include the statement that complete symptomatic recovery could 
not be anticipated The best that therapy can afford is a lestitution to 
autonomic imbalance wnth the persistence of these lesidual symptoms 
The second and moie important factor in determining the type wms the 
age of the patient at the onset of the disease It w'as noted (Table 4) 
that in the older group of w'omen exophthalmos w^as comparatively 
infrequent and rarely measured more than 20 mm , the goiter was larely 
large, except wdien the enlargement w^as due to a discrete tumoi within 
the gland The drug reactions m this oldei gioup w^eie rarely intense 
(Tables 2 and 5), a fine tremor was seldom encountered but aunculai 
fibrillation and diarrhea w^ere much more fiequent than in the younger 
group Of the classical sjmptoms of exophthalmic goitei in women 
whose disease began after then thirty-fifth year, tachycardia alone w^as 
constant — the exophthalmos, diffuse hypertiophy of the thyroid and 
the tremor being more frequently absent The basal metabolism 
estimation in this group, fortunately, w^as usually high and out of 
proportion to the clinical manifestations We^ have called attention 
to the frequent occurrence of the caidmal s}mptoms of exophthalmic 
goiter in patients wdio have no elevation of the basal metabolism To 
this syndiome w^e ha\e applied the name autonomic imbalance, and it 
is differentiated objectively solely by the basal metabolism estimation 

Other attempts to subgi oup our patients wei e essayed and abandoned 
DiMSion into sympathotomc and vagotonic gioups^° based on drug 
reactions was not cleai ly defined A subgrouping on an anatomic basis, 
as suggested by Plummer,’’ did not hold Plummei subgi oups his 
patient into toxic nonhyperplastic and toxic hyperplastic, using as 
crileiia the duiation of the thyioid tumor before the onset of symp- 


15 Eppingcr and Hess Vagotonia, Nerv & Ment Dis , 1917, Monograph 20 
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toms, Its histologic appearance and the presence of exophthalmos 
While no histologic material is available in our cases, the subdivision 
according to the presence or absence of exophthalmos seemed usually 
related to the age of the patient and independent of the nature of the 
thyroid enlargement or its duration 

MANAGEMENT 

The patients were placed under as nearly ideal hygienic and psychic 
conditions as is possible in the wards of a large general hospital A 
high caloric diet was ordered (about 3,000 calones) Both nurse and 
patient were instructed that gain in weight was essential to recovery 
Wet packs at 75 F were given for the symptomatic relief of restless- 
ness, insomnia and sweating In many patients, colon irrigations were 
given without any definite rationale and without any definite ameliora- 
tion of symptoms Phenobarbital (luminal), grains, was used as 
a hypnotic Aside from lodin (syrup of ferrous lodid), given to reduce 
the neck circumference,^® no other drug was generally employed 
By means of the sequential history, the confidence of the patient 
was won and a definite exciting cause, usually psychic or infectious, 
revealed When a direct exciting relationship to focal infection was 
demonstrable, surgery was restored to, with results that were occa- 
sionally excellent 

The patients were told that operation would not be necessary and 
that an attempt would be made to restore them to economic useful- 
ness, though a few of their symptoms might persist On discharge, 
the} were wained that they were to regard themselves not as cured, 
but in an arrested condition and that it was necessary for them to 
take particular care of themselves and for their families to take partic- 
ular care of them, without coddling The demonstration to the active 
patients of those whose disease was arrested was a therapeutic boon 
Only one specific therapeutic endeavoi is recorded In two patients 
(Cases 6 and 14) an acute exacerbation of symptoms, accompanied by 
fever (febrile crisis), occurred Intravenous injection of thyroxin was 
tollo^\ed in forty-eight and sixty hours, respectively, by lysis and a 
striking improvement in the entire clinical picture The patients had 
pre\iousl\ seemed to be on the verge of death 

COERSE A^D PROGNOSIS (TABLE 1) 

There was a tendency to recover}’^ in these patients that was grati- 
fMiig, even astounding, and to which, at present, we are inclined to 
attribute man}, if not most, of the so-called cures As a rule, the 
patients were kept in bed for from six to ten weeks Of the sub- 

16 Marine, Daiid and Kimball, O P Preicntion of Simple Goiter in Alan, 
Arch Int Med 25 661 (Time) 1920 
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jcctue symptoms, asthenia and palpitation persisted most constantly 
The othei symptoms weie usually alleviated Of the objective mani- 
festations, the goitei, exophthalmos and basal metabolism elevation 
persisted, but weie distinctly lessened 

The patients were then sent to the country for a month The 
majority of the women went to the Loeb Home, where the intelligent 
coopeiation of Mis Israel, the supeiintendent, did much to secuie for 
them the mental and ])h 3 'sical rest they so greatly needed Most marked, 
during this period was the large gam in weight Fuithei diminution 
in the symptoms occuiied. and at the end of that time economic lestitu- 
tion ^\as possible, though symptomatic cure seldom occurred 

Exaceibatious occurred se^cral times, always subsequent to a tre- 
mendous pSNchic tiauma oi an acute infection, usually tonsillitis oi 
sinusitis One patient (Case 6) had a tiue lecunence following over- 
uoik and acute tonsillitis Practically all of the patients have been 
observed for more than a year and are still undei oui caie 

Several additional clinical points aie to be obseived in lendenng 
a prognosis (1) Aftei the fiftieth yeai, the prognosis is jDoor (2) 
Complete reco\ er\ should ne\ er be expected, especially in those patients 
who have had a previous autonomic imbalance (3) Those patients 
with many symptoms and a slight metabolic elevation often run a pio- 
tracted course (4) A catabolic accumulation of pioducts m the blood 
IS of evil omen (5) Similarly, wnth a febrile crisis or psychosis, the 
outlook IS precarious (6) Favorable indications are gam in w^eight, 
acute onset in a previously health}^ peison , social and economic fieedom, 
and the presence of sufficient ignoiance on the part of the patient to 
insure strict obedience, oi sufficient intelligence to insuie helpful 
cooperation 

DISCUSSION OF RESULTS 

Fatal Casc<i — Fne patients died Of these, one died as the lesult 
of a hemoiihage fiom a gastiic carcinoma and anothei died from 
cardiac failure follownng pyelitis, pneumonia and pencaiditis Two 
death', were directly due to the exophthalmic goiter Of these, one 
patient (Case 38) w'as obseived by us only two days She was admitted 
with a febiile psychosis and it w'as necessary to transfei her to the 
psjchopathic w'aid at Bellevue Hospital, where she died latei The 
othei patient (Case 9) died in our wards with a febrile psychosis and 
an intense accumulation of catabolic pioducts m the blood stieam 
The fifth death occurred m a young girl (Case 14) during hei con- 
v^alescence This was a status death She had been admitted to the 
hospital w'lth a febrile psychosis After a febrile period of three weeks, 
thyroxin, 3 mg, intravenously, was followed in forty-eight houis by 
Ijsis and complete recovery She was sent to the convalescent home, 
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and there, after a few •week'; of stead} impro\ement. experienced head- 
ache' While sufteiing one of these, she had a comulsion and died 
Xccrops} re\ealed the findings t}pical of status and nothing else This 
patient had had a subtotal th} roidectoni} in Russia seven years 
prc\ lousl} 

Fatlu) cs — Two cases are reported as complete failures One patient 
(Case 19) has been lost from sight, but we feel that she Avould have 
kept in communication wnth us had hei condition been satisfactory 
(This patient since reports herself as economically restored ) The 
second failure w’as m a w oman, aged 53, w ith auricular fibrillation and 
persistent diarrhea (Case 50) Suigical intervention was suggested, but 
the surgeons did not regard her as a sufficiently safe risk to attempt 
operatne interference 

Remissions — One man (Case 6) had a real remission following 
overwork and an acute tonsillitis He had been w^ell for one year 
previously 

Economic and Social Incapacity — (Table 1 ) Three patients are 
still economically incapacitated Of these, one (Case 51) is still suffer- 
ing sufficiently from her disease to make her useless socially She has 
improved, however, and is still improving steadily The other two 
patients wdio are incapacitated (Cases 46 and 48) have both improved 
greatl} as far as the symptoms referable to the exophthalmic goiter 
are concerned, but the former has suffered an acute hydrops of the 
gallbladder, and the latter is decompensated as the result of auricular 
fibrillation It wall be observed that one of the two failures and the 
three women wdio are still incapacitated are the oldest members of the 
group 

Return to Economic Status — (Table 1) Forty-one, or 82 per cent , 
of these patients have been socially or economically restored Of 
these, tw ent} -seven, or 54 per cent , w^ere restored within four months, 
and four, oi thirty-one patients all told, wathin six months of their 
hospital entr} The protracted recoveries w'cre almost invariably com- 
plicated by some other factor, such as sinusitis, pregnancy or continued 
ps}chic trauma Four of these female patients have successfully 
completed pregnancies 

These forty-one patients, together wath the three wdio, though still 
incapacitated, are yet making strides tow'ard recovery, make forty-four 
patients in whom the spontaneous course of the disease has been tow^ard 
reco\ery on an economic basis In the large majority of cases economic 
restitution ma} be anticipated within six months, and m a fair majority 
within four months In but one of these patients, the majority of 
whom ha\e been followed now for a }ear or more, has a true remission 
occurred 
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It should again be emphasized that we refer heie to economic 
recovery Symptomatic lecoveiy does not occur completely m these 
patients Palpitation and tachycaidia on exertion, a ceitain degiee of 
tli}roid eiilaigement and exophthalmos, do not completely and peima- 
neiitly disappear in any case These patients aie not cmed, but their 
disease is m a stage of aircst This lepoit, fuithermoie, is not final 
These patients aie still tindei obscivation and will be maintained so 
indefinitely This lepoit is inclusive up to June, 1922 

Neveitheless, the restoiation of forty-foui of fifty patients to 
economic recoveiy in so shoit a time is sufficient to emphasize pointedly 
the tendenc} of this disease to spontaneous airest m the vast majority 
of instances 

BASAL METABOLISM AS INDEX OF PROGRESS 

In addition to the use of the social and economic lestitution as an 
index of the course of the illness in these patients, we have followed 
the basal metabolism This is beyond doubt the most useful objective 
criterion with which to estimate the couise and end result in exoph- 
thalmic goiter Of the fifty-one patients recoided we have satisfactory 
data of fort 3 ^-fivc Six patients did not have a sufficient number of 
leadings Among these weie four fatal cases, and in the case of the 
two patients who remained alive (Cases 5 and 10) leadings could not 
be made because of the lefusal of the patients to submit to further 
tests Both of these patients, however, aie progressing favorably and 
have been at work foi the past few months Of the foity-five on 
whom sufficient data aie available, thirty-two, or 71 pei cent , (Table 1) 
at present have a basal metabolism of less than plus 18 pei cent Of 
these, twenty-one had fallen to below plus 18 per cent within four 
months Five other patients have fallen to below plus 25 per cent 
In other woids, thirty-seven of the forty-five patients, oi 82 per cent, 
have fallen to below plus 25 per cent , and m the majoiity of these, 
the fall has occuired within four months 

Nine patients still have a basal metabolism exceeding 25 per cent 
In only one woman has the metabolism iisen undei obseivation This 
patient (Case 51) is the oldest member of the group, and though her 
metabolism remains elevated, she is slowly losing her symptoms 

In the one patient in whom a true recuirence was obseived (Case 6), 
the basal metabolism rose In one patient (Case 13), the metabolism 
rose with an exaceibation Tempoiary elevations were obseived also 
in seven other patients These were all definitely associated with the 
presence of conditions other than active exophthalmic goiter, such as 
acute gastro-enteritis, sinus infection, pregnancy, psychic insult All 
of these causes will be recognized as exciting factors in exophthalmic 
goiter and emphasize the necessity of maintaining the closest sciutiny 
over these patients fai into their convalescence 
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The correspondence of the restitution to economic usefulness, and 
the fall in the basal metabolism is ^ery striking There are, however, 
a few notable exceptions in ^^hlch economic restitution occurred with- 
out a fall in the basal metabolism Thus one patient (Case 17) \\as 
able to do her housework and be sj mptom free with a basal metabolism 
of plus 52 per cent on repeated examinations Furthermore, this 
woman gamed w eight even v ith this elevated metabolic cadence 

The fact that a striking and persistent fall in basal metabolism 
occurs in the vast majorit} of these patients, that this fall persists in 
the majority of them, even under the most ad\erse social and economic 
conditions, must ser\e to indicate strongly that there is in this disease 
a marked tendency toward restitution to normal, m patients who 
receive no specific therapy (“spontaneous course”) 

The use of the figures obtained in this group of patients when 
plotted should serve to act as a \aluable index m the evaluation of 
specific therapeutic procedures 

CONCLUSIONS 

1 A caieful study of the course of fift} patients suffering from 
exophthalmic goiter is presented 

2 An attempt was made to ascertain the natural or spontaneous 
course of the disease While this could not be accomplished, at least 
no “specific” measures i\ere attempted 

3 Special care vas taken to folloii these patients after their dis- 
charge from tile hospital, and attempts will be made to continue to 
maintain these patients under obser\ation 

4 The disease seems often to deielop on the basis of a diathesis 
(autonomic imbalance) 

5 Focal infection, sex epochs and psjchic insult are frequent 
exciting causes 

6 Pathologic studies iisualh re\eal a unnersal cellular involvement 
Tlnroid Inperplasia is neither specific nor constant in the findings, 
and onh bj unmerited inferences can a fundamental etiologic role be 
ascribed to the alleged h) pertln roidisni that supposedl} accompanies 
inperplasia 

7 Variation in the clinical picture was not due to alteration in the 
tlnroid architecture Adenoma ma} be seen with ain tjpe of disease 
Onh b) unmerited inferences can a fundamental etiologic role be 
ascribed to adenoma^ or to their supposed increased or toxic secretion 

8 The s}mptoms ot exophthalmic goiter are almost all sjmpatho- 
mimetic 


17 Kc'-'^el Leo Licb, C C and H\nnn H T \ Studv of Exophthalmic 
Goner and the Ineoluntarj Nervous Sistcm, IX An Estimation of the Patho- 
pent'>is and the Eeahiation ot Therapeutic Procedures in Exophthalmic Goiter, 
J \ M \ 79 1213 (Oct 71 1922 
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9 The fully developed syndrome is marked by an elevated metabolic 
cadence as best measured by the basal metabolism By this alone can 
this disease be differentiated from autonomic imbalance In the sta^e 
of arrest, differentiation can be made only by the history of the crisis 

10 The clinical pictuie varies as the age of the patient at the time 
of onset of the disease In other words, the vaiiation, especially in 
regard to the presence and extent of the exophthalmos, is dependent 
on the end tissues of the patient, lather than on the specific elabora- 
tion of any toxic product 

11 In women who de\elop the disease after the thirty-fifth year, 
exophthalmos is mild, if present at all , diffuse enlargement of the 
th}roid IS more often absent than present, hoaiseness and fine tremor 
are raie, and diffuse pigmentation, diarrhea and auricular fibrillation 
are compai atively frequent 

12 Complete restitution to the normal rarely, if ever, occurs 
Exophthalmos, th}roid enlargement, lability of tbe pulse rate and the 
sympathomimetic symptoms do not entirely and permanently disappear 

13 A response to atropin and epinephnn, injected subcutaneously, 
IS usuall)'', but not invariably, obtained Epinephnn sensitiveness has 
nothing whate\er to do vith thyroid function 

14 The spontaneous course of exophthalmic goiter is toward arrest 
in the ^ast majority of cases In patients who develop tlie disease late 
in life (after 45 or 50) the prognosis is poor If these cases be excepted, 
the prognosis is excellent under a regimen of “skillful neglect ” 

15 To establish the efficacy of any specific theiapeutic measure, 
one should demand that definite pi oof be offered that the results 
obtained are better than these reported here of the “spontaneous” 
course of the disease 

16 Until a specific diagnostic test is discovered, no reported case 
of exophthalmic goiter should be accepted as a genuine case unless 
the basal metabolism is distinctly and repeatedly elevated 

GENERAL CONCLLSIONS (ARTICLES I-IX) 

1 Thyroid hyperplasia and thyroid adenoma may exist for years 
without at any time causing sympathomimetic symptoms or alteration 
in metabolism 

2 Disturbances of the involuntaiy nervous system clinically occm 
frequentl> (autonomic imbalance) 

3 Such distui bailees aie usually not attended by metabolic elevation 

4 While these clinical manifestations of distuibances of the involun- 
tary nervous system (autonomic imbalance) are often associated wnth 

18 I-II, Am I M Sc 165, March, 1923, III, Arch Int Med 31, March, 
1923, IV-VII, Am J Physiol 63 60, 68, 83, 88 (Dec) 1922, VIII, JAMA 
79 1099 (Scpl 30) 1922, IX, J A M A 79 1213 (Oct 7) 1922 
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thyroid hjperplasia, there is no reason to hehe\e that the thyroid 
enlargement is causative and man} leasons for thinking that it is 
secondary and s}mptomatic 

5 In exophthalmic goiter the dominant deiangement is in the 
realm of the involuntar} nervous s}stem This may not be primary, 
but the primar} cause, vvdiatever it be, must at least operate through 
the mediation of the involuntar} nervous s}Stem 

6 The primar} cause of exophthalmic goitei must he sympatho- 
mimetic 

7 Ihere is a close relationship between exophthalmic goiter and 
autonomic imbalance The latter usually presages the former, and is 
probably a stage in its development 

8 Evidence is presented to show that thyroxin is not sympatho- 
mimetic either directly or indirectly Ihiough synergism with epinephiin 
even if it be granted that epinephrm controls the inv^oluntary neivous 
system either in the tonic state or in emergency 

There is a marked tendency in patients with exophthalmic goiter to 
lecover spontaneously This factor must be caiefully considered m 
evaluating “specific” therapeutic procedures 

Miss Grace Major has acted as volunteer secretary since the beginning of 
this \^ork She has kept the records, arranged the files, kept in communication 
\Mth the patients and assumed all the burdensome details pertaining to the 
publication It is in no perfunctory spirit that we acknowledge our appre- 
ciation to her for her unflagging effort, her conscientiousness and her intelli- 
gent cooperation 

We wish to express our appreciation to Miss N C Bragaw, medical super- 
Msor, for her unusual assistance in caring for these patients 


19 Licb, C C and Hjman, H f Am J Phjsiol 63 68, 83 (Dec) 1922 
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FURTHER OBSER\^ATIONS ON THE USE OF A HIGH 
FAT DIET IN TtlE TREATMENT OF 
DIABETES AIELLITUS 

L H NEWBTjRGH, MD, \m) PHIL L M^RSH, MD 

\NN \RI10R, MICH 
INTROnUCTION 

During the caiK pait of this centui\ it was customary to use a very 
liberal protein fat diet in the treatment of diabetes melhtus This 
type of diet was characterized by its high protein content, its lelative 
po^ert 3 of caiboh^diate and its high caloric value Mild diabetics did 
quite ^^ell on such a regimen, hut the more severely ill patients did not 
tolerate it without glycosuria and the persistence of diabetic symptoms, 
and as pointed out b) Joshn, coma was so common that the peicentage 
of deaths in hospitals was gi eater than in homes It was necessary to 
concene of a mysterious “spontaneous downwaid progress” to explain 
the constant loss of toleiance in these cases, and the majority of physi- 
cians felt that treatment of the severe cases was a waste of time and 
energ} This type of diet is not by any means without its supporters 
toda}, and it is surprising to note how many patients coming to the 
Unuersity Hospital have had their carbohydiate intake stnctly limited, 
but haA e been allowed to eat as much other food as they wanted, chiefly 
in the form of meat, eggs and patent diabetic foods 

In 1914 Allen introduced the principle of undernutrition with the 
object of relieving the stiain on the pancreas, and of stopping the 
spontaneous progress of the disease In moie or less modified form 
this principle has since then been used widely in the treatment of dia- 
betes melhtus Under the leadership of Joshn it has been applied in 
practice b) beginning treatment with fasting, which may or may 
not be pieceded by three or four days of observation and increasing 
curtailment of the diet After the peiiod of fasting, the diet is built 
up step by step until the jiatient is receiving a ration well within his 
carbohydrate tolerance, in which neither fat nor protein nor carbo- 
hydrate furnishes a dispropoition of the calories It is especially 
insisted that the fat content of the diet be small The final diet is one 
which may not and often does not satisfy the caloric requirement of the 

* From the Department of Internal Medicine, Medical School, University 
of Michigan 
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organism In the more se\eie cases a marked degiee of undernutrition 
results, with weakness, depiession and chronic invalidism, and inanition 
appears on the records as a cause of death 

There is abundant evidence that overfeeding and large gams m 
weight are detrimental to the diabetic On the other hand, a number of 
very apparent evils are associated with severe undernutrition It 
seemed to us possible that a diet could be arranged, which, while still 
controlling the diabetic state, might avoid the evils of the two extremes 
With the basic principles of the metabolism of the three foodstuffs m 
mind, it IS possible, m theory, to construct such a diet by deining the 
major portion of the calories from fat Before advocating the use of 
such a diet, however, it was necessary to demonstrate that the use of the 
much feared fat is, in fact, safe 

In a previous communication ^ we reported that in seventy-three 
consecutive cases this type of diet was strikingly successful in con- 
trolling glycosuria, avoiding acidosis, maintaining mtrogen balance and 
permitting ordinary activity on the part of the patient In a second 
communication - we showed the beneficial effect of these diets on 
hyperglycemia We emphasized the fact, however, that our experience 
with this diet was brief m relation to the chromcity of the disease, and 
we were, therefoie, very guarded in our statements of the probable 
lesults of adherence to it o\er a long period of time Nearly two 
years have elapsed since our first communication, and a statement of the 
present status of some of our earlier patients and of additional observa- 
tions on some of our more recent ones cannot fail to be instructive 
It IS the purpose of this paper to present our experience with the high 
fat diet in the light of our longer study, and to discuss certain cases 
which offer striking examples of fundamental principles in the dietetic 
management of diabetes mellitus 

The diets used are essentially the same as those previously described , 
more day to day variation in the composition of the diets is allowed than 
at first in order to relieve the monotony of the menus, but m principle 
the treatment is the same as that discussed in our first paper When 
an adult diabetic patient is admitted to the w'ard, he is automatically 
and w ithout preparation given a daily diet w'hich contains protein, from 
15 to 20 gm , fat, from 85 to 95 gm, carbohydrate, from 10 to 12 gm 
Because of the smaller body mass of children, their total calories are 
correspondingly reduced, but the proportions of the food stuffs used are 

1 Newburgh, L H, and Marsh, P L Use of a High Pat Diet in the 
Treatment of Diabetes ilellitus First Paper, \rch Int Med 26 647 (Nor ) 
1920 

2 Newburgh L H, and IMarsh, P L Use of a High Fat Diet in the 
Treatment of Diabetes Mellitus Second Paper Blood Sugar, Arch Int Med 
27 699 (Mar ) 1921 
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the same No prelimmaiy fast or gradation of diets has been used, and 
the high fat diet is seived fiom the first meal in the hospital After 
the adult patient is desuganzed, his diet is increased by steps until he 
is leceiving 067 gm protein and from 30 to 40 calories per kilogram 
of body weight, oi sometimes a little moie than this In children more 
protein and more calories per kilogram of body weight are allowed, 
m accordance with principles that will be discussed later, but the same 
plan of distribution of the food stuffs is used for children as for adults 
In no case m this senes has the daily carbohydrate allowance been 
greater than 35 gm After the patient has been found to tolerate a 
maintenance diet of this type during several days in the ward, he is 
discharged with instructions to adhere to it rigidly 

RESULTS 

Six major considerations entei into a discussion of the dietetic 
treatment of diabetes mellitus, namely (1) glycosuria, (2) acidosis, 
(3) nitrogen balance, (4) hpemia, (5) tbe general condition of the 
patient, and (6) the effect of tieatment on glucose tolerance and 
expectation of life 

1 Glycosu) JO ’ — Since the first aim of dietetic treatment of diabetes 
is the avoidance of glycosuria with the associated complications and 
loss of tolerance, the prime requisite of the diet is that it keep the urine 
of the diabetic patient free from sugar We have had the opportunity 
since the inception of this treatment of observing 190 diabetics Of 
these, SIX entered the hospital m coma or in extremis from other causes, 
and died either before treatment could be inaugurated or before it 
could significantly affect the metabolism (Table 12) Eight others 
remained but a few days, and left against our advice when they found 
that we had nothing to offer except diet in place of the curative drug 
or operation that they had expected (Table 13) None of the remaining 
176 diabetic patients failed to become sugar free, and all of these were 
discharged without glycosuiia on a maintenance diet While none of 
them were “total diabetics,” many were of tbe very severe grades, and 
a large number of them were young In Table 1 are presented the 
ages of onset of this group by decades Appended is part of the record 
of one of the younger patients (Case 1) 

Casi 1 (22-6\0) —IHOoty— A boy, 3 years of a^e (born Nov 5, 191S) 
entered the hospital March 6, 1922, with diabetes that had appeared abruptly 
m June, 1921, with polyuria and polydipsia His father’s brother has diabetes 
There was nothing of importance in his past history The diagnosis of diabetes 
was made immediately, and he was taken into a hospital in his home city for 
treatment, which was instituted with a fast Little information could be 

3 No cases diagnosed renal glycosuria are included in this study 
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obtained concerning this period of treatment, except that after a few days of 
fasting his condition seemed very serious and his mother states that he was 
on the verge of coma He was given food, but the mother does not know the 
quantities His diet was gradually increased until he was receiving protein, 
40 gm , fat, 33 gm , carbohydrate 25 gm and 560 calories On this diet he had 
constant glycosuria and a heavy ferric chlorid reaction in his urine During 
the two months before admission he had not been sugar free at any time At 
the beginning of his illness he weighed 32 pounds and at admission 28 pounds 
Physical Examination — This showed nothing of importance 
Comment — Part of his record is presented in Table 2 It will be noted 
that his urine became sugar free on the eleventh day and the ferric chlorid 
reaction was negative at the same time The gain in body weight during the 
first few days was probably due to changes in the fluid content of his body 
Nitrogen balance was established on a diet containing 30 gm protein, 75 gm 
fat, and 12 gm carbohydrate At present, he is receiving 30 gm protein, 
115 gm fat, 17 gm carbohydrate and 1,225 calories, which allows him 93 calories 
per kilogram of body weight He is slowly gaining in weight and has added 
one-fourth inch to his height 

TABLE 1 — Age at Onset by Decades or Authors’ Group For Comparison 
A Similar Table of a Group of Joslin’s Patients Is Added 


Authors' Scries 





—A— 



Joslin s ♦ 


Age at Onset 

^ umber 

Per Cent 

Per Cent 

0-10 


0 

3 21 


5 3] 


11-20 


14 

741 


8 71 


21-30 


24 

12 Cj 

40 0 

10 81 

38 0 

81-40 


33 

17 4, 


13 8, 


41-50 


37 

19 5 


24 7 

51-00 


50 

29 5 


23 0 

01-70 


17 

89 


101 

71-80 


3 

1 0 


30 


In some cases we have had the opportunity of contrasting in the 
same patient the results of our diets with the results of other methods 
of treatment A number of the patients in this series who had been 
treated unsuccessfully by high protein diets before coming to us became 
aglycosuric on our diets That this would occur is only to be expected, 
but It must be mentioned because of the widespread use of these high 
protein diets 

Of still gi eater interest is the group in which fasting and severe 
undernutntion have failed to control the glycosuria The records of 
two patients (Cases 2 and 3) show clearly that some diabetics who 
could not be made sugar free by stan^ation may be made so by a high 
fat diet yielding about 950 calories 

Case 2 (21-321) — Histoiv — A.n American farmer, 28 years of age, entered 
the hospital March 1, 1921, complaining of the usual diabetic symptoms There 
was no family hlstor^ of diabetes, except that a 4-jear old son of the patient 
has had an occasional glycosuria There was nothing of importance in his past 
history Polyuria pobdipsia and poljphagia developed in August, 1914, wdien 


4 Joslin, E P Diabetes Mellitus, Oxford Medicine, Oxford University 
Press 4 153, 1921 
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the patient was 21 years old During the following three months his weight 
fell from 160 to 113 pounds Treatment w'as not started until Januar}, 1915 
Four da\s of complete fasting, follow'ed by several days during wdiich he was 
allowed green \egetables, and two or three more days of fasting, a total of 
ten days, rendered his urine sugar free He wvas discharged on a diet which 
allowed him considerable freedom m the kinds of the food stuffs that he ate 
but which was \cr\ much restricted in total calories During the following 
two jears he felt fairly well most of the time, although he had sugar in Ins 
urine frequently Between the Spring of 1916 and March, 1921, he was free 
from sugar at no time m spite of the fact that he was fasted on five occasions 
for periods of from four to ten davs During the month preceding his 
aomission to our ward he suffered from epigastric distress, “heart burn’’ and 
nausea IIis sjmptoms were sufficiently severe to make his home physician 
suspect peptic ulcer His vision had failed and he w'as bad!)' constipated 

TABLE 2 — PvuT or Rlcord or a TuntE Year Oio Divbetic (Case 1) 


Diet Urine 

—A— « 


Dntc Protein, 

Put, 

Cnrbolij- 

Ciilo 

Glucose, 

Din 

Nitrogen, 

Weight 

19-22 

Gni 

Gin 

dnite, Gin 

riCK 

Gin 

cctic 

Gm 

Lbs 

3/ 8* 

14 3 

43 0 

4 9 

460 

+ + + + 



28 

3/ 0 

12.2 

41 3 

06 

430 

3 4 

+ + + + 



3/lt> 

13 ? 

44 0 

3 7 

470 

4 1 

4* + T 4- 



'/n 

12 3 

43 0 

4 S 

403 

3 4 

4+4- 



3/12 

14 4 

47 0 

0 4 

i303 

30 

4* 4“ 4" 



3,13 

11.3 

37 <> 

82 

013 

Trnec 

4- 4" 



3/H 

131 

30 1 

11 3 

0.30 

7 3 

4-4- 



3/n 

130 

31 0 

38 

333 

3 1 

— -r 



3110 

13 1 

47 1 

04 

i301 

62 

+ + + 


30 3 

3/17 

OS 

40 7 

72 

433 

23 

4-4-4- 



3/lS 

97 

401 

04 

423 

0 

0 



3/19 

10 S 

43 3 

7 3 

403 

0 

0 



3/20 

10 S 

43 3 

7 1 

JOO 

0 

0 



3 '21 

14 S 

40 2 

7 1 

303 

0 

0 



3/22 

14 S 

40 2 

7 1 

303 

0 

0 


30 5 

3/2? 

13 2 

40 0 

7 1 

440 

0 

0 



3'23 to 3/20 

20 0 

43 0 

70 

313 

0 

0 


29 0 

3/30 to 4/ 5 

13 0 

3,3 0 

12 0 

043 

0 

0 

9 29 

29 0 

4 ' 0 to 4 / 9 

''0 0 

33 0 

12 0 

005 

0 

0 

7 32 

30 0 

4/10 to 4/12t 

“>0 0 

03 0 

12 0 

7">.3 

0 

0 

7 82 

30 5 

4/13 

''0 0 

73 0 

12 0 

843 

0 

0 


30 0 

4/1) — 


— Dietetic error 


3 7 

0 



4/13 to 4/10 

300 

33 0 

12 0 

003 

0 

0 


28 

4/20 to 3/19 

30 0 

(mO 

12 0 

755 

0 

0 

5 21 

27 

3 '20 too/ 4 

30 0 

73 0 

12 0 

843 

0 

0 

4 48 

26 5 

0/ 3 to 0 12 

30 0 

83 0 

17 0 

933 

0 

0 

3 87 

27 

0/13 to 0/13 

30 0 

93 0 

17 0 

1,043 

0 

0 

3 39 

27 

0/10 to O/CO 

30 0 

103 0 

17 0 

1,135 

0 

0 


28 

0/21 to 7/20 

"0 0 

113 0 

17 0 

1,225; 

0 

0 


29 


• Bloor lilt, lit per tint 
t Bloor flit, OS!? ficr cent 
{ 93 calories per iilognini of boclj vFOight 

Physical Lxammalioii — On examination it was noted that he was decidedly 
stuporous and went to sleep while his blood was being taken for the laboratory 
examinations Later, he could not remember anything that had happened 
during the first daj he was m the hospital His breath had a decided acetone 
odor His right knee jerk could be obtained only on reenforcement and his left 
could not be obtained at all His urine contained a trace of albumin, reduced 
Fehling’s solution and gave a heavy reaction wuth ferric chlorid His blood 
sugar was 0 38 per cent and the carbon dioxid combining power of the blood 
plasma by the Van Slyke method was 37 volume per cent 

Comment — ^The day to day record of his first twm or three weeks, wnth 
a summary of the following few weeks in the hospital is presented in Table 3 
It will be seen that his urine became sugar free on the twelfth dav m the 
hospital 
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Case 3 (21-1993) — Htstoiy — A Russian housewife, 25 years of age, entered 
the hospital July 13, 1921, complaining of the usual diabetic symptoms There 
was no family history of diabetes and her past history was of no importance 
In March, 1920, she had severe attacks of cramps m the legs associated with 
excessive thirst and polyuria Other symptoms were failing vision, obstinate 
constipation and progressive loss of weight She had no systematic treatment 
until August 13, 1920, at which time she was fasted for five days and her urine 
became sugar free Her diet was increased until she was receiving, protein, 
50 gm , fat, 20 gm , carbohydrate, 30 gm , about 5(X) calories with one fast day 
each week From this time until July 1, 1921, she adhered rigidly to this diet, 
which was prepared bj' a trained dietitian, with the exception of a short period 
in January, 1921, when she was allowed one or two slices of bacon a day m 
addition At no time during this whole period, except on the last day of her 
initial fast, w'as her urine free from sugar, this statement w'as confirmed by 


TABLE 3 — Part of Record of Patient (Case 2) Who Had Failed to 
Become Sugar Free During Several Periods of Fasting 





Diet 



Urine 


Blood 



Pro 


Carbo 



Glu 

' 


CDs, 


Date, 

tein. 

Pat, 

hydrate, 

Calo 

Amount, 

cose, 

Dia Sugar, 

Vol , 

Weight 

1921 

Gm 

Gm 

Gm 

nes 

Cc 

Gm 

cetic 

% 

% 

Lbs 

3/ 2 

191 

95 4 

14 2 

990 

1,250 

43 8 

+ + + + 

038 

37 

133 

3/ 3 

90 0 

69 0 

13 4 

805 

2,150 

566 

"H + ■}* + 




3/ 4 

21 7 

94 4 

14 8 

995 

1,650 

251 

++ 



132 

3/ 5 

20 8 

89 9 

13 4 

940 

2,170 

181 

+ 4* 




3/ 6 

21 2 

890 

13 4 

935 

1,925 

17 5 

+ -f* + 4* 

0 27 

51 

134 

3/ 7 

21 2 

89 0 

13 4 

935 

2,350 

20 2 

4“ 4* 4* 




3/ 8 

20 5 

924 

14 6 

970 

2,355 

17 5 

4*4-4- 



133 

3/ 9 

191 

93 4 

14 2 

990 

2,100 

119 

+++ 



134 

3/10 

15 3 

995 

110 

1,000 

1,590 

78 

+++ 



134 

3/11 

14 9 

1010 

10 5 

1,015 

1,640 

56 

+++ 




3/12 

15 2 

1001 

110 

1,005 

2,335 

0 




136 

3/13 

15 4 

100 0 

11 3 

1,005 

1,760 

Trace 

++ 

013 

64 


3/14 

15 4 

100 0 

11 0 

1,005 

1,895 

0 

+++ 



134 

3/15 

15 4 

100 0 

110 

1,005 

3,150 

0 

+++ 




3/16 

15 4 

100 1 

11 1 

1,005 

2,215 

0 

++ 

013 

65 

132 

3/17 

24 8 

149 6 

15 2 

1,505 

1,565 

0 





3/18 

261 

151 1 

15 3 

1,525 

4,370 

0 

Trace 



135 

3/19 

252 

150 7 

14 2 

1,515 

3,270 

0 

Trace 




3/20 

26 1 

149 7 

14 6 

1,510 

3,190 

0 

0 



132 

3/21 

24 8 

149 6 

15 2 

1,505 

2,200 

0 

0 


75 


3/21 to 3/30 

43 0 

180 0 

15 0 

1,850 


0 

0 


66 

ISO 

3/31 to 4/4 

43 0 

200 0 

15 0 

2,030 


0 

0 


65 


4/5 to 4/20 

43 0 

220 0 

110 

2,200 


0 

0 


65 



her home physician July 1, 1921, fasting was again started, and this time four 
days of complete fasting, followed by five days in which she was allowed “a 
few’” 5 per cent vegetables, failed to render her urine sugar free, and she 
refused to fast longer During the few days before she came to us she 
adhered to the original 500 calory diet 

In February, 1920, she weighed 145 pounds 

Physical Eiammatton — The patient w’as an unusually intelligent W'oman, 
59 inches tall, weighing 100 pounds, w'lth no important abnormalities aside from 
her laboratory examinations Part of her record is presented m Table 4 

Comment — She w’as discharged from the hospital on a diet which gave her 
about 1,400 calories daily, and she has remained sugar free up to the present 
time, a period of nearly one 3 ear 

2 Acidosis — A diabetic diet, to be successful, must not precipitate 
acidosis, and should, in those cases m which acidosis is present, be 
attended b} relief of the acidosis Since the demonstration of the 
dentation of acetone bodies from fat, there has developed a wide-spread 
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fcni of llic use of fut in the tiCtitment of clicvbetes It was, therefore, 
\ei\ impoilanl that ^^e study AMth the greatest care the relation between 
the amount of fat m oui diet and acidosis 

Of the 190 patients with diabetes wdiom we have had under our 
care ‘^lnce we ha\e used tlie high fat diets, six gave us no information 
as to its effect on acidosis hotii of the lattei enteied the hospital in 
diabetic coma, the fifth in coma from sepsis, the sixth in extremis 
following a iheiajieutic fast, and none of them w’^eie treated dietetically 
The other 184 patients include eight w'ho left the hospital against our 
adiice within a week and before they w'^ere sugar free, but who were, 
nc\ erthelcss, on the diet during the few days they were in the hospital 
In none of these 184 cases did an important acidosis develop It should 

T \BLE 4 — Ricoiu) fkom C\sr 1, ix Wincii Fasting and Severe Under- 
NCTRiTiON Had r mi rn to Kerr Urini Sugar Free 


\\ornRC Diet 




^ 



hrinc 

Fen ic 

Body 


l^rotein, 

I'u C irbolndrute, 


Sugar, 

Chlond 

W^wght, 

I) lie VCI 

Gin 

Gin Gni 

Culorios 

Gin 

Reaction 

Lbs 

7/n 




25 5 

++ + + 

lOO 

~’U 




1C 3 

•+' 4 ’ 4 * 


T/r. 




88 

4 ' 4 ' 4 * 


7/n. 

2(. 0 

S.& 131 

105 

40 

4 * 4 - 


7/17 




0 

0 

99 

7/lS 




0 

0 


7/11 




0 

0 


7/:o 



♦ 

0 

0 

15 

7/’l 




0 

0 


7/22 




0 

0 


7123 




0 

0 


7/2i 

2S i 

1371 20 S 

1,435 

0 

0 


7/2'> 




0 

0 

90 

7/J() 




0 

0 


7,27 




0 

0 



be pointed out, again, that every one of these patients, regardless of 
age, se\erit} of the diabetes or degree of acidosis was placed on the 
diet at entrance Early in the use of the treatment a few patients w^ere 
gi\en sodium bicarbonate, but tins has not been used in any case since 
July 1, 1920, since wdiich date much more than one half of this series 
of cases ha\e been treated A few examples are cited showing the 
absence of acidosis on the treatment 

C\si 4 (21-678 ) —//k/o;v— A n American clerk, 19 years of age, entered 
the hospital March 24, 1921, complaining of the usual diabetic symptoms There 
was no history of diabetes m the family and nothing of importance m his past 
history The disease had developed abruptly fifteen months before, and during 
the first three months he lost 30 pounds in weight In spite of severe 
restriction m his diet there was no improvement in his symptoms Twelve 
davs before he came to us he was fasted for seven days but he did not know 
whether he became sugar free There had been some numbness of his feet 
and for two months he had had boils on his legs 

Phyucal EAflmmnfion — Edivence of advanced bilateral pulmonary tubercu- 
losis was found and this complication was confirmed by the roentgenogram and 
the sputum examination Part of his data are presented in Table 5 
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Case S (21-276) — Htstoiy — An American farmer, 22 years of age, entered 
the hospital Feb 7, 1921, complaining of polj'una, weakness and loss of weight 
A brother died of diabetes at 17 The past history is of no importance His 
best weight was 164 pounds just before the onset of his diabetes his 
weight at admission was 127 His symptoms appeared abruptly in August, 
1920, and the diagnosis was made immediatel}’’ by his physician His diet was 
moderately restricted and he continued to lose w^eight and strength 


TABLE 5 — Part of Record of Case 4. Showing Absence of Acidosis in a 
Young Diabetic with Pulmonahy Tuberculosis 








Plasma CO 2 , 

, Blood 


Protein, 

Fat, 

Carboh>drate, 



Ferric 

Volume 

Sugar, 

Df'tc 

Gm 

Gm 

Gm 

Calories 

Sugar 

Clilorid 

per Cent 

per Cent 

3/24» 





+ + + 

+ 4- 

61 4 

0 33 

3/2'> 

21 7 

994 

14 8 

995 

+ 

+ 



3/2G 

291 

1291 

21 1 

1320 

0 

0 



3/27 

191 

93 4 

14 2 

990 

0 

0 



3/28 

21 2 

85 9 

13 4 

910 

0 

0 

61 7 

0 23 

3/2!) 

20 2 

924 

14 6 

960 

0 

0 



3/30 

30 0 

1471 

14 2 

1,500 

0 

0 



3/31 

31 7 

151 9 

15 5 

1,535 

0 

0 



4/ 1 

29 9 

149 4 

14 8 

1,525 

0 

0 



4/ 2 

30 2 

149 3 

14 9 

1,525 

0 

0 



4/ 3 

28 8 

152 4 

14 8 

1 545 

0 

0 



4/ 4 

30 3 

152 0 

14 9 

1,530 

0 

0 

63 6 

016 

4/ 5 

31 1 

ISO 7 

14 2 

1 800 

0 

0 



4/ C 

30 0 

179 3 

14 2 

1,785 

0 

0 



4/ 7 

291 

178 2 

15 0 

1,765 

0 

0 



4/ 8 

29 7 

180 2 

13 3 

1 800 

0 

0 

61 7 

016 

* Admitted in eicning 


TABLE 6 

— Showing t^bsence 

OF Acidosis in 

Young 

Diabetic 



ON High Fat 

Diet 

(Case 5) 






Diet 


Urine 










Blood 

Plasma 









Protein, 

Fat, 

Carbohydrate, 


Glucose, 

Ferric 

Sugar 

CO 2 , 

Bate 

Gm 

Gm 

Gm 1 

Calorics 

Gm 

Chlorid per Cent 

per Cent 

2/ 8 

18 9 

912 

14 2 

955 

+ + + + 

++ + 

0 26 

62 0 

2/ 9 

20 6 

87 6 

14 6 

940 

24 7 

+ + + + 

018 


2/10 

20 4 

84 2 

12 8 

890 

13 5 

+ +++ 



2/11 

211 

93 9 

14 9 

990 

0 

+ -r + + 



2/12 

20 5 

837 

14 4 

890 

0 

4* + + + 



2/13 

21 0 

92 0 

15 0 

970 

0 

++ 



2/14 

18 2 

912 

14 3 

950 

0 

Trace 

0 20 


2/15 

20 6 

876 

14 6 

940 

0 

Irace 


61 4 

2/16 

21 5 

804 

14 6 

870 

0 

0 



2/17 

21 3 

77 7 

12 8 

845 

0 

0 



2/18 

20 2 

87 3 

14 1 

935 

0 

0 


50 5 

2/19 

20 5 

83 7 

14 4 

890 

0 

0 



2/20 

20 6 

87 6 

14 6 

940 

I 0 

0 



2/21 

21 3 

77 7 

12 8 

845 

0 

0 



0/09 

40 6 

153 2 

20 6 

1 625 

0 

0 



2/23 

39 3 

156 5 

19 6 

1,645 

0 

0 

010 

55 7 

2/24 

40 2 

153 4 

20 3 

1 625 

0 

0 



2/25 to 3/ 1 

40 2 

152 6 

200 

1,615 

0 

0 

013 

62 6 

3/ 2 to 3/ 7 

40 8 

152 1 

20 6 

1,615 

0 

0 

0 12 

589 

3/ 8 to 3/12 

40 0 

180 3 

20 4 

1865 

0 

0 



3/13 to 3/17 

40 0 

170 4 

20 6 

1 8 w 

0 

0 


65 3 

3/18 to 3/20 

40 5 

2003 

25 0 

2 065 

0 

0 


59 8 

3/21 to 3/29 

40 0 

200 2 

25 0 

2 070 

0 

0 

0 08 

653 

3/30 to 4/ 4 

40 6 

2002 

25 0 

2 005 

0 

0 

010 

607 

4/ 5 to 4/ 8 

43 1 

2291 

25 6 

2 340 

0 

0 


617 


Phvucal Cxamiiiaiwii — Except for septic tonsils, his phjsical examination 
was negatne Part of his record is presented m Table 6 

Case 6 (21-1021) —Hilton — An American farmer, aged 45 \ears, entered 
the hospital March 19 1921, complaining of pohuna and w'eakness His 
mother died at the age of 51 of diabetes mellitus He had had frequent 
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urinalyses because of his mother’s diabetes, but no sugar was found until 
December, 1920, about two weeks after the onset of polyuria and weakness A 
“carbohydrate free” diet failed to lender his urine sugar free, his physician 
stating that the urine always contained from 3 to 6 per cent of sugar 

Physical Examination — Except for pj'orrhea alveolaris, his physical examina- 
tion was negative His average weight was 155 pounds , at admission he 
weighed 130 pounds Part of his record is presented in Table 7 

Not onl}' does acidosis not develop in patients who are living on 
this diet, but it is a fact that all our patients showing at admission an 
acidosis short of coma rather piomptl}'^ lost their acidosis while taking 
the high fat diet One such case has already been mentioned in our 
first communication Three other striking examples ai e cited from our 
more recent experience 


TABLE 7 — Showuxg AnsExcr or Acidosis on High Fat Diet (Case 6) 


if 7 

4/ s 

4/ <? 
4/10 
4/11 
4/12 
4/13 
4/14 
4/15 
4/10 
4/17 
4/18 
4/19 
4/20 
4/21 
4/22 


Dntc, 1921 



criiRC Diet 
* 

Urine 

Plasma 

COa, 



/ 

' ' -s 

Protein, 

Tut, Cnrbohjdrnte 


Dia 

Volume 

Gin 

Gui Gm Cnlorics 

Sugnr 

cetic 

per Cent 

IS 

S'. ir. 000 

+ + + -f- 

+ + + -(- 

64 3 



-!* + + + 

+ + + -(- 




+ 

4- 4" 4-4- 




+ + + 

4--^4- 





4-4-J- 




+ 

4- 




0 

4- 




0 

0 




0 

0 




0 

0 




0 

0 




0 

0 




0 

0 

63 5 



0 

0 




0 

0 




0 

0 



4/23 

4/24 

4/2'. 

4/20 


‘’S 105 30 1,710 0 

0 

0 

0 


0 

0 

0 

0 551 


Reference to the record of one patient (Case 2) and to Table 3 
will show that he entered the hospital with a severe acidosis, which 
disappeared promptly on a liigh fat diet 

Case 7 (22-2159) — Histoix — An American painter, 34 years of age, entered 
the hospital July 6, 1922, w'lth a diabetes which had appeared abruptly in 
December, 1920, w'lth polydipsia, polyuria and progressively increasing weakness 
Three days of fasting rendered his urine sugar free and he was finally able 
to tolerate a fairly liberal diet About eight weeks previous to admission he 
had a lower third molar extracted, infection ensued There was an immedi- 
ate return of glycosuria wdiich he was unable to control For the two weeks 
before he came to the hospital his diet had not been limited and he had become 
progressively more drow'sy until at admission he was semicomatose His 
weight had fallen from an avciagc of 140 pounds to 90 pounds, his entrance 
weight w'as 103 pounds 

Physical Examination — He was very stuporous and there was hyperpnea of 
the Kussmaul type The patellar and Achilles reflexes could not be elicited 
His skin had a lemon yellow cast, and numerous xanthomatous lesions were 
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scattered over his body At the site of the tooth extraction in the lower right 
jaw there was evidence of osteomyelitis His hemoglobin was 66 per cent 
with 3,210,000 red blood cells and without leukocytosis His blood plasma 
was creamy 

Comment — The osteomyelitic lesion in the jaw was curetted and he was 
started on the routine diet Fluids were forced during the first few days in 
the ward In Table 8 will be found data of this period of treatment There 
was a rapid improvement in the acidosis, as shown by the disappearance of 
acidosis, as well as by the laboratory findings A moderate edema, present at 
entrance, increased rapidly and explains the great gam in weight 

Case 8 (21-1392) — Hif/oiy — An American merchant, 35 years of age, 
entered the hospital May 18, 1921, complaining of loss of weight, weakness, 
polyuria and polydipsia His symptoms developed abruptly in January, 1918, 
when he was 32 years of age Glj'cosuria was found, and he became sugar 
free on a rather liberal diet After a few weeks he was advised to return 
to a normal diet, symptoms and glycosuria promptly reappeared He again 
became sugar free on the liberal diet and adhered to it about a year During 

TABLE 8 — Part of Record of Case 7 Rapid Disappearance of Severe 

A.CIDOSIS on High Fat Diet 


Diet Urine Blood 

* — — *- - 



Pro 


Carbo 


Glu 


Sugar, 

CO 2 , 

Fat, 


Date, 

tcin. 

Fat, 

lijdnto. 

Calo 

cose. 

Dia 

per 

Vol per 

per 

Weight 

1922 

Gm 

Gm 

Gm 

lies 

Gm 

cctie 

Cent 

Cent 

Cent 

Lbs 

7/ 7 

21 7 

85 0 

12 6 

900 

503 

++ + + 

0 53 

34 

76 

103 

7/ 8 

21 5 

858 

13 3 

910 

562 

+ -f + + 


38 


100 

7/ 9 

21 0 

865 

13 2 

925 

29 4 

+ + 




101 5 

7/10 

21 5 

866 

14 1 

935 

41 4 

+ + 


04 


108 

7/11 

20 4 

93 0 

13 5 

980 

17 5 

+ 




115 5 

7/12 

21 8 

887 

13 0 

930 

11 1 

+ 



28 

116 0 

7/13 

201 

93 7 

13 0 

975 

11 4 

0 




117 0 

7/14 

21 7 

87 1 

12 0 

920 

Urace 

0 




116 5 

7/15 

210 

866 

13 2 

910 

4 0 

0 




117 5 

7/16 

21 5 

85 8 

13 3 

910 

0 

0 

0 20 


1 69 

117 0 

7/17 

21 7 

84 0 

14 1 

900 

0 

0 


72 


119 0 


the following year he increased his food intake and frequently found sugar in 
his urine During this second year of his diabetes he had frequent night sweats, 
with one attack of pain in the lower left chest lasting some weeks In 
February, 1920, he had influenza, and during the next few months his weakness 
progressivelv increased In the fall of that year he spent four weeks in a 
sanatorium, and was discharged on a diet that was liberal, including a large 
quantity of gluten bread From that time he gradually went down hill, and 
since February, 1921, he had not been able to work During the course of the 
diabetes his weight had fallen from 120 to 85 pounds 

Physical E\aimnaiion — ■Abnormalities in both pulmonary apices were dis- 
covered but no sputum could be obtained 

Comment — He was discharged from the hospital June 30, 1921, on a diet 
w'hich gave him about 30 gm protein, 160 gm fat and 20 gm carbohydrate 
He did verj well working every daj and remaining sugar free until Septem- 
ber, 1921, when he de\ eloped glycosuria during an extended trip away from 
home He returned to the hospital, was sugar free in fourteen days and w^as 
discharged on the same diet as previously He has been able to do his w'ork 
regularl} since that time and is feeling well Part of his record is presented 
m Table 9 

It should be noted that five of our 190 patients died in the hospital 
in coma Four of these entered the hospital in coma and died without 
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dietetic tieatment In one of these cases, the coma was not accompanied 
b> the usual signs of diabetic coma and at neciopsy adenoma of the 
pituitai_y gland was found The fifth patient, whose diabetes had been 
bi ought under contiol and who was not showing an acidosis, broke diet 
and de^ eloped a seveie acidosis and fiom this time went progressively 
down hill, dying in coma None of these deaths can be attributed to 
the eflect of the diet 

3 iVif/ ogcn Balance — A diet to be satisfactory m the treatment of 
a chronic disease must be constiucted so that it will maintain nitrogen 
balance In a previous communication it was shown that in the 
diabetic, as in a normal peison, 0 66 gm protein per kilogram of body 
weight IS sufficient foi this purpose, piowded the total caloric intake 
IS gieat enough to suppl}’’ the metabolic needs of the organism By 

TABLE 9 — SHo\\l^G Relilf or Moderati Acidosis by High Fat Diet (Case 8) 


Diet Unno C02 Conibin 

_» > , » , mg Power 


Date, 

Protein, 

Pat, 

Carboludi iti 


Glucose, 

Perrie Blood Plasma, Weight, 

1021 

Gm 

Gm 

Gm 

C alories 

Gm 

Oblond Vol per Cent 

Lbs 

3/11 

ISO 

SOS 

15 0 

SCO 

4- F 4- + 

-F -F 4- -F 44 7 

84 5 

5/20 

21 7 

91 4 

14 S 

<105 

20 0 

-F 4- -F 4- 


5/21 

20 4 

83 a 

US 

S73 

18 4 

-F -F -F -F 

£5 0 

D/22 

10 0 

05 4 

14 2 

<t'K) 

-‘-4-4-4- 

— -r 


5/23 

20 9 

110 4 

15 0 

1,125 

15 8 

4- 4-4-4- 


5/24 

20 S 

£0 0 

15 4 

945 

12 3 

4 4-4- -<- 


5/25 

10 4 

92 3 

14 2 

%5 

10 3 

-F-r-F-^ 


0/20 

21 2 

S5 0 

13 4 

010 

4-4-4- 

-F4--F-F 


5/27 

21 9 

01 4 

14 S 

095 

4-4- 

4- 4-4-4- 


5/2S 

20 S 

£0 0 

13 4 

015 

Irace 

4-4- 

£8 0 

5/20 

20 0 

85 2 

12 4 

040 

0 

4-4- 


5/50 

191 

93 4 

14 2 

090 

0 

0 


5/31 

15 2 

8S2 

12 5 

005 

0 

- 4 - 


0/ 1 

2S0 

155 8 

21 3 

1,<>C0 

0 

Uraee 02 5 

90 0 

6/ 2 

29 7 

147 1 

20 9 

1,323 

0 

0 



using relatuely large quantities of fat, we have been able to satisfy 
the total caloric lequiiement of the patient without producing glycosuria 
and to maintain nitrogen balance on the small quantities of protein that 
we have allowed The table published in the communication referred to 
is here reproduced (Table 10) 

4 Lipcima — A fiequent accompaniment of the diabetic state is an 
increase in the amount of hpoid substances in the blood While the 
true significance of this phenomenon is not known, it is at all events 
a departure from the noimal, and its increase or its persistence during 
treatment is considered undesirable It has been shown in another 
communication® from this clinic that (1) hyperhpoidemia is not pro- 
duced by the high fat diet in those patients in whom it is not present 

5 Marsh, P L, Newburgh, L H, and Holly, L E The Nitrogen 
Requirement ’ for Maintenance in Diabetes Mellitus, Arch Int Med 29 97 
(Jan) 1922 

6 Marsh, P L , and Waller, H G Arch Int Med to be published 
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at entrance, and (2) an existing hyperlipoidemia, even of high degree, 
gradually falls until it has approximated or reached the nonnal level 
It IS, therefore, apparent that a high fat diet does not cause a 
hyperlipoidemia 

General Condition of the Patient — Weakness and incapacitation 
are unavoidable evils resulting from fasting and undernutrition, and 
the diabetic is not exempt from these ill effects It was with the hope 
of avoiding these disadvantages that we undertook an investigation of 
the use of fat for the purpose of supplying energy to the patient The 
desuganzation period and the long period of after treatment will be 
considered separately 

The initial period of fasting is very poorly borne by many of the 
more debilitated diabetics When the fasting is continued for a week 
or more, the resulting exhaustion may be extreme For example. 


TABLE 10 — Diets on Which Nitrogen Balance Was Established in 
Twelve Patients with Diabetes Mellitus 


Cnse 

Age, 

Weight, 

Pro 

tein, 

Gm 

Fit, 

Carbo 

hjdrite 

Calo 

Nltro 

gen, 

Gm 

Pro- 
tein, 
per Rg , 

Calo 

nes 

per 

Per Cent 
of Total 
Calories 
as Carbo- 

No 

Tears 

Kg 

Gm 

Gm 

nes 

Gm 

Rg 

hydrate 

1 

5(5 

63 

34 3 

168 4 

69 

1,680 

5 49 

054 

27 

16 

2 

C8 

66 

39 3 

281 4 

13 8 

2,295 

627 

0 59 

35 

23 

3 

37 

60 

54 1 

2401 

13 4 

2 430 

866 

090 

41 

22 

4 

18 

42 

28 5 

162 8 

99 

1,615 

4 49 

0 68 

38 

24 

5 

21 

50 

37 8 

163 6 

82 

1 650 

6 05 

0 75 

33 

1 9 

C 

49 

70 

65 0 

197 0 

99 

2,065 

1,585 

1004 

093 

30 

19 

7 

22 

59 

33 5 

1501 

25 4 

5 36 

053 

27 

64 

S 

30 

69 

55 5 

207 8 

38 7 

2,245 

880 

0 79 

S3 

69 

9 

C3 

50 

318 

157 4 

23 8 

1,640 

509 

0 63 

33 

58 

10 

SO 

90 

51 4 

2391 

33 9 

2,265 

8 22 

0 57 

25 

60 

11 

22 

oa 

40 0 

200 2 

250 

2 005 

650 

0 74 

37 

48 

12 

18 

42 

30 0 

179 6 

14 7 

1,795 

4 80 

0 71 

43 

33 


Olmsted," speaking of his experience with the use of fasting in the 
treatment of diabetes, sa 3 ^s “It was soon found that rather severe 
acidosis followed the period of complete star\ation even in relatwely 
mild cases So impressed were we with the depression and weakness 
of patients during and following acidosis that some modification of the 
stanation routine was thought worth trying out ” Some of our patients 
vho had previously been subjected to fasting and were later made 
sugar free by our diet, volunteered the information that the earlier 
fasting method had left them m a state of exhaustion and extreme 
V eakness and that they were astonished at their strength after they had 
become sugar free at our hands The patient who was cited as Case 1, 
for example, said that after his preAuous fasting he had no desire to 
leave his bed , in contrast to this, on his thirteenth day in the hospital, 
when he became sugar free, he felt fresh after a two mile walk 


7 Olmsted W H AI Clinics N America 4 865 (No\ ) 1920 
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Kot. onl} IS fasting eNhaiislnig and unpleasant to the patient, but it 
ma} occasional!} end in death The clangeis of complete fasting were 
pointed out in the Rockefeller Monograph® on the tieatment of 
diabetes Case 30 in that seues is cited by the authors as “a typical 
example of acidosis with a fatal result on fasting,” and “patient 35 
de\ eloped m.ilaise. nausea and diowsmess on fasting and the observeis 
uerc conMuced th.ii unless fed he would have died in the typical 
intoxication ’ Joslin has lepoited two patients who died with hypo- 
ghceinia as a result ot fasting and Wilder^® has observed that obese 
diabetics aie especialK susceptible to seveie acidosis from fasting We 
ha\c had refeiied to us a patient who had been fasted foi two weeks 
\Mthout becoming sugai fiee. and uho had developed extreme weakness, 
nau<5ea and xonnting altei four days m the hospital, during which she 
could retain no food, she died quietly without hyperpnea She retained 
consciousness up to a minute or two before death In this elderly 


TABLE II — Cfict of High Fat Diet on Lipoidemia 


C i«c ko 

Fir't 

rcrccntapc 

L 1 st 

Pcrccnngc 

Interval, 

r)n\s 

RemnrlvS 

21-2VC 

SI 

2 CP 

CC 

C ase 4, this senes 

ei-T^i 

3 31 

1 01 

200 

Case 1, this senes 

21-GrS 

2 03 

3 00 

305 

Cise 3, this senes, complicated by chionic 
pulmonary tuberculosis 

Case 5, this series 

Case G, this senes 

21-10-21 

1 51 

1 54 

20 


2 73 

1 10 

38 

21-345S 

0S02 

0 005 

40 


21 -’130 

0 001 

0 050 

51 


21-2573 

1025 

1009 

21 



1 33 

1 15 

10 


21-2US 

0S09 

0 9IS 

14 

Preiiousij on diet for four months 

22-30 

0 030 

0 933 

17 


22-010 

1 12C 

osoo 

33 



patient wdiose symptoms had not been sufficiently severe during the three 
\ears that she had had diabetes to cause her to be treated, fasting 
ended in disaster A sununary of her record is appended (Case 9) 
More recently \ve have had the opportumty of observing a young 
diabetic m wdiom a fatal acidosis rvas precipitated by fasting, a 
summary of his record will be found as Case 10 The fact that fasting 
IS ahvays unpleasant, often dangerous and sometimes fatal, justifies 
one in rejecting it in favor of a procedure which avoids these difficulties 
and at the same tune makes the patient sugar free 

Case 9 (20-709) — Histoiy — An American housewife, aged 62 years, entered 
the hospital early in the evening of Nov 9. 1920, m a state of extreme 
exhaustion Little information could be obtained relative to her history It 


8 Allen, F M , Stillman, E , and Fitz, R Total Dietary Regulation in 
the Treatment of Diabetes, Monograph, Rockefeller Institute M Research, 
No 11, 1919 

9 Joslin, E P M Clinics N America 4 1723 (May) 1921 
10 Wilder, R M M Clinics N America 5 455 (Sept ) 1921 
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was known, however, that she had had diabetes for three years, but that 
it had never disturbed her enough to cause her to commence systematic treat- 
ment She was persuaded to begin treatment October IS, she was fasted 
for two days, then given green vegetables for three days, fasted three days 
more and finally given thrice cooked vegetables until November 5 During 
the last three days of this diet she became progressively more nauseated and 
vomited frequently From November 5 until she entered the hospital she ate 
little and apparently retained nothing 

E\ammaUon — At admission she was stuporous, but not unconscious, her 
speech was thick and she seemed loathe to exert herself sufficiently to talk 
There was no hyperpnea, but her breath had an acetone odor The knee jerks 
were diminished Her urine contained albumin, sugar, diacetic acid and hyaline 
and granular casts Her blood pressure was 165/70, the carbon dioxid tension 
of the alveolar air was 30 and blood sugar 0 33 per cent 

Comment — During the time she was m the hospital, she retained no food 
and little of the water that was given her by mouth Every few minutes, day 
and night, she vomited Her temperature was always subnormal On the 
night of November 12, she died quietl}' while the nurse was out of *he room 
tor two or three minutes 

Case 10 (21-3305) — Htstoiy — An American farmer, 26 years of age, entered 
the hospital Nov 11, 1921, in deep coma Little history could be obtained 
Out It was stated that diabetic symptoms were first noted less than five weeks 
before Polyuria and polydipsia had been present only two weeks Treatment 
was started two days before admission with the limitation of his diet to 2 
quarts of milk on the first day and then complete starvation On the morning 
of the second day of starvation he became stuporous and gradually passed into 
coma, coming to the hospital that evening 

Eramviatton — He was m deep coma with characteristic hyperpnea His 
blood sugar was 1 07 per cent and the carbon dioxid combining power of 
the blood plasma by the Van Slyke method was 18 volumes per cent He died 
about five hours after admission to the hospital Nothing important was 
found at necropsy 

We turn now to a consideration of the ability of patients to lead 
fairly active lives while they adhere to the maintenance diets pre- 
scribed for them when they leave the hospital This diet is so con- 
structed as to avoid the evils of undernutrition The physiologic effects 
of undernutrition have been observed on a large scale dunng the recent 
war, and a review of these studies has been published by Graham 
Lusk These changes in metabolism result in a great mental and 
ph}’’sical depression The undernourished subject not only has not 
sufficient fuel for normal amounts of work, but lacks the desire to 
attempt work, mental or physical Prolonged undernutrition results in 
chronic invalidism The patient, if not actuall} confined to his bed or 
to a chair, is able to do little more than to get about the house unassisted 
The woman who was mentioned above as Case 2 was bed-ridden on 
a diet allowing her 500 calories a day before she came to us The 
condition of such a diabetic is pitiful, even the most moderate activity 
IS denied him and he becomes a burden to his famil)/ and to himself 

11 Lusk, G Plnsiological Effect of Undernutrition, Plnsiol Rev 1 523, 
1921 
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and an economic loss to society In contrast to this, our patients have 
returned to their original occupations, and have a bright, hopeful outlook 
on life A few examples are cited 

Case 11 (20-19) — Hutoty — A railroad fireman, 22 years of age, entered 
the clinic Jan 16, 1920, complaining of excessive thirst and polyuria There 
was no history of diabetes in the family, and his past history was of no 
importance The onset of the disease occurred abruptly during the early 
part of December, 1919, with polyuria, and increased thirst and appetite By the 
first of January he was urinating every hour, and he went to a physician, who 
diagnosed diabetes Between January 1 and his admission to the hospital his 
diet consisted entirely of milk During the month that he had had diabetes 
his weight had fallen from IdO to 125 pounds 

ExaminaUon — Nothing of interest was noted on physical examination His 
urine was sugar fiee on the fourteenth day of a diet containing 16 gm pro- 
tein, 199 gm fat, 10 gm carbohydrate and 1.000 calories 

Comment — ^January 21, he developed influenza, which was then epidemic, 
his diet was unchanged and he made an uneventful recovery Feb 20, 1920, 
he was discharged from the hospital on a diet containing protein, 25 gm , fat, 
175 gm , carbohydrate, 15 gm , 1,800 calories This was gradually increased 
to contain protein, 55 gm , fat, 220 gm., carbohydrate, 35 gm , calories, 2,400 
Except for the first few weeks after discharge from the hospital he has been 
vorking hard) and steadily, first m a machine shop and then on his father’s 
farm On a few occasions he has fired a locomotive and states that he noticed 
no unusual fatigue At present, two and a half years after admission, he is 
working on the farm, says that he feels entirely well and is sugar free on 
the diet 

Case 12 (20-346) — Histojy — A housewife, 32 years of age, was admitted 
to the hospital April 19, 1920, complaining of weakness and polyuria There 
was no history of diabetes in the family During her past life she had had 
many attacks of bronchitis, and she had had one attack of tonsillitis several 
j^ears before admission In January, 1919, she had influenza and did not regain 
her strength after it as she thought she should She also suffered from 
polyuria and swelling of the feet A physician told her that she had diabetes 
and forbade the use of foods nch in carbohydrate Her urine had never 
been sugar free from this time until she came to the hospital, and weakness 
was progressive At the time when we first saw her, this latter was her most 
serious complaint She stated that she was entirely unable to attend to her 
household duties or to care for her 6 year old child, and that if she was 
out of bed for any length of time she fainted and had to be carried back 

Evammaiion — Nothing of importance was noted m the physical examination 

Comment — On a diet containing 16 gm protein, 95 gm fat, 8 gm carbo- 
hydrate and 950 calories her urine became free from sugar on the fourth day 
and the ferric chlorid reaction was negative on the eighth day Her diet was 
increased to contain 55 gmi. protein, 220 gm fat, 35 gm carbohydrate and 
2,400 calories She has kept in constant touch with us, and with the exception 
of a short period when she had a severe acute bronchitis, she has always been 
sugar free, a period of twenty-six months She is doing her housework, and 
feels as strong as she did before the onset of her diabetes 

Case 13 (19-286) — History — A Jewish salesman, 40 years of age entered 
the hospital June 5, 1919, with a diabetes that had developed abruptly ten 
years before There was no family history of diabetes, and his pre- 
vious history was of no importance At the time of onset of the usual diabetic 
symptoms, his weight had been 172 pounds, his weight at admission was 136 
pounds His vision had failed rapidly, and when first seen by us his left 
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eye was almost blind There had been increasing numbness and tingling of 
the feet and legs for the past few months, and he was unable to work because 
of weakness 

Physical Examination — This showed nothing of importance, except evidence 
of peripheral and aortic arteriosclerosis His blood sugar was 040 per cent, 
his urine contained sugar and diacetic acid and his hemoglobin was 110 per 
cent with 6 320,000 red blood cells 

Comment — On a diet containing protein, IS gm , fat, 90 gm , carbohydrate, 
10 gm , 900 calories, he became sugar free in one day His diet was increased 
b} steps until he was receiving protein, 48 gm , fat, 243 gm , carbohydrate, IS 
gm , calories, 2,440 The patient returned to the hospital March 31, 1920, for 
examination His urine was free from sugar and his blood sugar was 0 13 per 
cent He had adhered to the diet previouslv prescribed and was discharged 
with the same diet At a third admission, Feb 1, 1921, he was still sugar free, 
with a blood sugar of 0 12 per cent and no diabetic symptoms He was dis- 
charged on a diet which allowed him protein, SS gm , fat, 220 gm , carbo- 
hvdrate, 3S gm , calories, 2,440 In December, 1921, he reported that he is 
still sugar free and feeling entirely well During these three years he has 
been active as a traveling salesman, and has in no way been disturbed by his 
diabetes His weight is 120 pounds 

Case 14 (18-519) — Histoty — An American farmer, 57 years old, entered 
the hospital Oct 10, 1918, complaining of weakness and ulcer on his foot 
He had always been healthy until eight years before when he began passing 
large quantities of unne Aside from the omission of bread from his diet, 
there had been no treatment of the diabetes On two previous occasions he 
had ulcers on his feet that were slow in healing The one that brought him 
to the hospital appeared about five weeks before Eight years before he weighed 
187 pounds and his admission weight was 129 pounds 

Examination — Arteriosclerosis was marked, his urine contained diacetic acid 
and 63 gm glucose m the first twenty-four hour specimen, and his blood sugar 
was 0 59 per cent 

Comment — October 24, his urine was free from sugar and his diet was 
increased b} steps until it contained 3,050 calories, from 60 gm protein, fat, 
300 gm, and carbohydrate, 25 gm He was left on this diet until Oct 21, 
1921, when it was changed to contain protein, 55 gm , fat, 220 gm , carbo- 
h\drate, 35 gm , and 2,340 calories The patient’s wife, who has been caring 
for his diet, says that he has adhered to it religiously, and that during the 
uhole time he has been able to do his work on the farm 

6 Piognosis — The question naturally arises as to whether or not 
all these advantages accrue to the diabetic at the expense of duration of 
life That is, will the use of a diet such as we have advocated cause in 
itself a downward progress of the disease with a loss of tolerance and 
an earlier death than might be expected under the other methods of 
treatment WHule our experience with high fat diets is still brief in 
proportion to the chronicity of the disease and we must therefore be 
somewhat cautious in our conclusions in this regard, we have as yet seen 
no reason for believing that such is the case We have a certain amount 
of information that seems to bear on the question and which apparently 
indicates that the prognosis in patients on the high fat, low protein diets 
is at least as good as that m patients on other diets 

Such exidence may be obtained in both of two ways, first, by 
recording am change in tolerance that may occur in individual cases 



NEW BURGH-MAR SH— DIABETES MELLITUS 


471 


from time to time during the prolonged use of the diet, second, by a 
statistical comparison of the outcome m our patients with that of 
patients on other diets 

Cmhohydratc Toloance — While we have not as yet observed a 
sufficient number of patients over a sufficient length of time to make 
us willing to affirm that this treatment is never attended by downward 
pi ogress, we have been able to follow some seveie cases of diabetes long 
enough to show that a diet containing roughly the normal caloric require- 
ment IS at least not inevitably attended by loss of tolerance within the 
period of observation The records of several such patients have been 
presented in summary in this paper 

In our whole series we ha\e seen no evidence of loss of tolerance in 
a patient who has adhered to the diet and, therefore, we have no reason 
for believing that downward progress is an accompaniment of a main- 
tenance diet We had one patient under observation m whom diabetes 
V as complicated by a wide spread pulmonary tuberculosis whose 
capacit} for the utilization of carbohydrate steadily declined until 
he died of the tuberculosis fourteen months after the initiation of 
treatment A similar loss of tolerance from a pyogenic infection was 
observed in Case 15 The disastions effect of infections on the glucose 
tolerance of diabetics is well known, and in these cases explains the 
obseived downward progress 

C^SE 15 (21-3332) — Histoty — A boy, aged 7, came for treatment Nov 14, 
1921, with diabetes that had developed in connection with a suppurative mas- 
toiditis in May, 1920 He had had careful dietetic treatment during the interval 
and for several months previous his diet had contained protein, 60 gm , fat, 
60 gm , and carbohydrate, 10 gm , on which he had had glycosuria most of the 
time He was desuganzed by a diet containing protein, 25 gm , fat, 100 gm , 
and carbohydrate, 12 gm His diet was increased to protein, 30 gm , fat, 
130 gm , carbohydrate, 18 gm 

During January, 1922, he developed an acute upper respiratory infection and 
eventually a pansmusitis Glycosuria returned in a progressively increasing 
degree and he died May 20, 1922 

Dwahon of Life — Conclusions regarding the duration of life in 
relation to any treatment used m the management of a chronic disease 
are difficult to draw because of the many more or less unavoidable 
sources of error that enter into a biologic problem of this sort 
Statistical compilations of the average duration of life in years of 
diabetics undergoing different forms of treatment might at first thought 
seem to answer the question mathematically and beyond doubt But 
statistics to be of value must deal with only one variable or else all 
other variables must be thoroughly understood and be under control 
Such IS not the case in the present problem Some of the improperly 
controlled variables which inevitably occur in series of cases extending 
over long periods of time are the following 
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1 The term diabetes mellitus is applied to several types of per- 
sistent glycosuria which vary greatl}^ in severity and prognosis regard- 
less of treatment Wilder^" lecently made another effort to classify 
diabetics, and divided them into five groups whose clinical manifesta- 
tions and progress are so different as to make them seem like different 
diseases Unless series that aie being compared contain equal per- 
centages of the different kinds of diabetics, deductions from the statistics 
will be erroneous in just so far as the types represented are numerically 
unequal 

2 It IS probably true that all diabetics are guilty at one time or 
another of small indiscretions in diet, and many of larger ones The 
effect of such indiscretions on duration of life is not known and 
therefore becomes a variable whose magnitude is undetermined 
Experience seems to show that the effect of indiscretion varies 
enormously from patient to patient For example, the patient reported 
as Case 16 died apparently as the result of a single indiscretion, while 
the patient reported as Case 17 appears to have recovered from her 
diabetes while living on an unrestricted diet 

Case 16 (19-170) — History — A woman, 38 years of age, entered the hos- 
pital April 3, 1919, because of sexual anesthesia and diabetes She stated that 
her nine children had diabetes, but this could not be verified Her diabetic 
history was not clear cut, consisting of pruntis vulvae at intervals since the 
age of 14, nocturia as long as she can remember, tingling of her legs for 
fifteen years, boils nine years before and glycosuria first discovered in 1910 
Her weight at the age of 21 was 135 pounds, and at admission to the hospital 
was 131 pounds 

Examination — Her blood sugar at admission was 0 57 per cent and her 
urine contained 74 gm glucose in the twenty-four hour specimen 

Comment — On a diet containing 16 gm protein, 90 gm fat and 10 gm 
carbohydrate her urine became sugar free on April 17, and her blood sugar 
was 0 19 per cent At this time her husband brought her some food beyond 
what had been prescribed, glycosuria returned, her blood sugar rose to 032 
per cent , vomiting developed, and her general condition became progressively 
worse Actual coma did not appear until May 3 after three days of fasting 
and she died the next day 

Pathologic Diagnosis from Ncciopsy — Diabetic coma, subacute parenchj- 
matous nephritis, acute toxic hepatitis, thyroid adenoma, atrophy and fibrosis 
of pancreas 

Case 17 (19-38) — History — A girl, aged 18, was transferred to our clinic 
from the department of genito-unnary surgery, Jan 22, 1919 She had come 
to the hospital for treatment of gonorrhea, and glycosuria had been discovered 
during the routine urine examination There had been no diabetic sjmptoms 
Her father and mother had died during her childhood and no family historj 
could be obtained 

Examination — Her general examination showed nothing of importance The 
urine contained 184 gm glucose m the first twentj-four hours, but she insisted 
on leaving the hospital 

Comment — ^A letter from her home physician states that her urine is sugar 
free and that she is feeling entirch well without dieting 
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3 The piognosis in diabetes is very closely related to the complica- 
tions of the disease Diabetics treated in institutions of different 
types show variations in percentages of individual complications The 
clinic situated in a region to which many patients come from long 
distances for the treatment of tuberculosis sees more diabetic patients 
with tuberculosis than does the average clinic In a hospital known 
chief!} foi its surgeiy, the internist cares for a large percentage of 
diabetics with suigical diseases The diabetic specialist in a large 
general hospital must add to his group many patients entering because 
of serious infections and major surgical conditions, to whom the diabetes 
is unknown or of minor importance, whereas the physician confining 
himself to the treatment of private diabetic patients is less likely to have 
to care foi these milder cases of diabetes m which life is ended by the 
major diseases which brought the patients to the hospital The statistical 
outcome of a group is iinpoitantly affected by the number of patients 
who enter the hospital in coma, but this number will vary with the loca- 
tion of the hospital The general hospital m the big city will receive 
more such cases than an institution such as the university hospital 
located as it is m the small town, since patients m coma are not trans- 
ported a long distance to a hospital 

4 Diabetics are subject to the prevalent small infections The 
lasting effect of these small infections cannot be guessed at Further- 
more, statistics concerning any group of diabetics may be seriously 
affected by an epidemic in their community , for example, three of the 
seventy-three patients originally reported on by us died of influenza 
While influenza was pandemic in this country at the time, it illustrates 
the fact that such a disease may influence the statistics either because of 
its effect on a small series of cases, or because it might be local 

5 It is obvious that statistics dealing with the duration of life 
from the onset of the diabetes are greatly influenced by the efficacy 
of the treatment before the patient came to the physician compiling the 
statistics The previous treatment may effect the total duration of the 
disease in either of two ways, either the proper management of the 
patient may have given him a long life before he came to the physician 
reporting the statistics, or improper treatment may have aggravated the 
disease or allowed complications to develop that injure the prognosis 
For example, the appearance of our statistics on young diabetics is 
improved by the addition of Case 1, the patient having been kept alive 
for seven years by previous treatment, while the patient described as 
Case 18 (cited below) was mildly diabetic, and came to us with an 
overwhelming and fatal infection which had been allowed to develop 
because her diabetes was uncontrolled 
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Case 18 (21-1507) — History — A housewife, 57 >ears of age, entered the hos- 
pital June 2, 1921, with a massive infection in her feet and legs, complaining 
of the usual symptoms of diabetes Six years before she was troubled by 
pruritis vulvae, and during the following year polyuria and polyphagia devel- 
oped At this time a physician diagnosed the diabetes For eight weeks she 
was on a diet of green vegetables and bran, but since that time there had been 
no dietetic treatment Her weight fell from 200 pounds to 140 pounds Her 
vision had been failing for a year and constipation had been obstinate About 
four years ago she began having blisters on her feet which would rupture, 
heal very slowly and then appear again Several weeks ago her feet became 
swollen, red, and so painful that she could not walk on them 

Examination — On examination it was noted that there was marked scle- 
rosis of the peripheral vessels and evidence of aortic sclerosis The knee jerks 
four years ago she began having blisters on her feet, which would rupture, 
heal very slowly and then appear again Several weeks ago her feet became 
swollen, red, and so painful that she could not w'alk on them 

Comment — Throughout her stay in the ward she had an irregular fever 
and a leukocytosis of from 22,300 to 35,300 Her hemoglobin was 60 per cent 
and she had 3,050,000 red cells Her blood sugar was 0 21 per cent and her 
urine contained sugar but no diacetic acid In spite of free drainage of her 
feet, chills and fever continued, she became weaker, the pulse feebler, respira- 
tions slower and she died during the night of June 12 

6 Accurate knowledge of the length of life after the onset of 
diabetes is often unobtainable because of the impossibility of determin- 
ing the date of onset The discovery of glycosuria by the insurance 
examiner or during the routine urinalysis in a hospital gives one no 
information about the duration of the disease up to that time Some 
patients cannot remember when the symptoms began, otliers mention 
S} mptoms many years before which may or may not have been diabetic, 
and in others the onset was so insidious that the physician cannot 
determine the date of onset 

7 The statistical outcome of the treatment of a group of patients 
must be influenced by the type of subjects with whom one has to deal 
The prognosis is influenced by the patient’s intelligence and his social 
status It IS probable that the improvement during the last decade m 
the treatment of diabetes has been due very largely to the realization 
of the importance of instructing the patient m his own care This 
instruction can be carried only as far as the patient has ability to learn 
It follows then that the prognosis in a given case is largely dependent 
on the subject’s mental capacit)'- One of our patients is suffering from 
Korsakoff’s psychosis and entirely unable to care for herself , another, 
with a condition diagnosed constitutional psychopathic state b} the 
department of psychiatry, wdiose family is trying to keep him to the 
■diet, is reported to be stealing food from the garbage cans of the 
•neighborhood The deaths of such patients from diabetes or an} other 
cause bear no relation to attempts at treatment 

The social status of the patient influences the prognosis because of 
two factors Persons compelled to obtain their food at public eating 
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houses find it impossible to adhere rigidly to the diet because of 
inability to obtain proper foods or to have them measured One of our 
patients, a farm hand, is very much discouraged because he has not 
been able to find work on a farm where his diabetic meals will be 
prepared for him Others, under economic pressure, are unable to 
increase their expenses by the small amount necessary to supply the 
diet One of them is living on thirty cents a day, and eats little but 
rolls and coffee 

8 An important variable m the statistical study of diabetics is the 
physician himself Success in the treatment depends, in part, on the 
ability of the physician m impressing on the patient the importance of 
adhenng to the diet, and, in part, on the amount of instruction that can 
be given the patient m the management of his food In the com- 
parison of statistics from different institutions these elements cannot 
be Ignored 

9 An important factor in the success of treatment of diabetes is 
the home physician The adherence of the patient to a diet depends, 
in part, on the belief of the home physician in the importance of strict 
adherence The damaging effect to statistics of lack of cooperation 
between the specialist and the general practitioner is shown in the 
following example (No 19) 

Case 19 (20-475) — History — An American woman, aged 33 years, entered 
the hospital July 12, 1920, complaining of weakness and loss of weight There 
was no family history of diabetes Her diabetes developed abruptly in July, 
1919, with polyphagia, polydipsia, polyuria, weakness, and loss of weight For 
the past SIX months she had noticed progressively increasing numbness of her 
arms and legs Her weight at the onset of the disease was 109 pounds and 
her weight at admission was 61 pounds 

Examination — Except for loss of the knee and Achilles reflexes, her phys- 
ical examination was negative Her blood sugar was 0 42 per cent , and her 
urine gave a strong reaction to ferric chlorid 

Comment — On the tenth day of a diet containing 15 gm protein, 90 gm. 
fat, and 12 gm carbohydrate, her urine gave a negative reaction to ferric 
chlorid and was sugar free She was discharged from the hospital August 28 
without glycosuria or evidence of acidosis on a diet which allowed her 28 gm 
protein, 140 gm fat and 20 gm carbohydrate A letter from her sister stated 
that she adhered to the diet until late in October when the family physician 
advised her to let the patient have anything she wanted She died Nov 
18, 1920 

We have cited a number of important reasons for using great 
caution in applying statistics to the study of the comparative effects 
of different treatments on the course of the disease in the diabetic 
patient, but in spite of these objections there is undoubtedly something 
to be learned from the tabulation of the available data concerning the 
status of our 190 patients This information is contained in Table 12 
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It will be noted that of these 190 patients, treated between March 1, 
1918, and July 1, 1922 — a period of four and one tlnrd years — forty- 
five (23 7 per cent ) are dead, fourteen (7 4 per cent ) are not traced 
and 132 (68 9 per cent ) are alive If the fifteen patients who died in 


TABLE 12 — Presfnt Status, by DEC^DE or Onset and Year of First 
Treatment, of All Patients Treated Since Inception of High Fat Diet 


Age of Onset 













010 

11-20 

2130 

31 40 

41 50 
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61-70 

7180 

Total 

Total Oases 










1918 

0 

0 

5 
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2 

5 

1 

0 

17 

1919 

1 

i 

3 

6 

10 

10 

3 

1 

38 

1920 

1 

0 

6 

5 

7 

13 

2 

0 

34 

1921 

3 

7 

8 

10 

7 

18 

11 

1 

65 

1922 

1 

3 

2 

8 

11 

10 

0 

1 

36 
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6 
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33 

37 

56 

17 
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2 

5 

1 

3 

3 

0 
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2 

2 
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8 
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1 

2 

7 

5 

2 

1 

20 
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2 

1 

3 

9 



16 
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2 

6 

5 

10 

7 

16 

9 


55 
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3 

1 

8 

10 

8 


1 

32 

Total 

6 

10 

11 

23 

29 

40 

11 

2 
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Summarj 










Total cases 









190 

Total dead 









45 

Total missing 









14 

Total alive 









131 


the hospital, the eight who were discharged against advice with glyco- 
suria and the fourteen who are untraced be subtracted from the total 
of 190, there remain 153 who were discharged sugar free These 153 
patients are the only ones who give us evidence concerning the effect of 
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the diet when used over a long period of time Of these 153 patients, 
twenty-fom (15 7 pei cent) are dead and 129 (84 3 per cent) are 
living Obviously, theie is no wa}^ of knowing how many of these 
patients adhered iigidly to the prescribed diets 

The fort 3 ^-five dead patients fall into three groups viz , fifteen 
who died m the hospital, six who were discharged against advice with 
glycosuiia and twenty-four who died after having been discharged 
from the hospital sugar free The first group is presented in Table 
13 It will be seen that five of these died in coma, of these four 
entered m coma and were not treated by the method under discussion, 
the fifth went into coma after breaking diet The patient who died 


TABLE 13 — Patients Dying in Hospital 


Number 

Date of 
Admission 

Date of 
Death 

Condition at 
Admission 

Cause of 
Death 

Age at Age at 
Onset Death 

Remarks 

l&^9» 

11/11/18 

11/12/18 

Coma 

Coma 


29 

No history 

1S-G79 

12/ 8/18 

9/30/20 


Chronie pul 

26 

28 

No glycosuna, no 

19-170 

4/ 3/19 

5/ 4/19 

monnry tu 
berculosis 
Known to have 

? 

38 

acidosis at death 

19-Wl 

1/29/20 

1/30/20 

Influenza 

broken diet, 
coma 

Pneumonia 

33 

36 


19-C50 

12/20/19 

12/29/19 

Coma 

Coma 

57 

60 


20-423 

0/ 7/20 

7/13/20 

Hematuria 

Broncho 

61 

63 

No glycosuria nor 

20-443 

6/16/20 

6/28/20 

Advanced tu- 

pneumonia 

Pulmonary 

45 

46 

acidosis at death 
No glycosuria nor 

20-481 

7/14/20 

7/15/20 

berculosis 

Suppurative 

tuberculosis 

Septicemia 

35 

47 

acidosis at death 

20-709* 

11/12/20 

11/12/20 

mastoid, coma 
Exhaustion 

Inanition 

69 

62 

Previous fasting 

20-753 

12/ 3/20 

12/17/20 

vomiting 

Ventral hernia Postoperative 

46 

48 

Died In surgical 

21-1507* 

6/ 2/21 

6/13/21 

Osteomyelitis 

pneumoDJa 

Septfeemia 

63 

59 

ward, necropsy, 
mild diabetes 

21-3305 

11/11/21 

11/11/21 

of foot 
Coma 

Coma 

26 

26 

No glycosuria nor 

0 7^97 

1/10/22 

2/ 2/22 

Pyelonephritis, 

Septicemia 

49 

60 

22-399 

2/13/22 

2/15/22 

pytmia 

Coma 

Coma 

24 

27 

acidosis at death 

22-477 

3/16/22 

4/15/22 

Gangrene legs 

Gas gangrene 

63 

66 

Necropsy 


* Summarj of record elsewhere m paper 


of inanition as the result of previous fasting has been described as 
Case 9 All but two of the remaining cases died of infection acquired 
before entering the dime One patient (20-753), mildly diabetic, died 
of pneumonia following an operation for repair of a ventral hernia at 
a time when she was sugar and ketone body free The remaining 
patient (20-423) died of bronchopneumonia following cystoscopy, 
without glycosuria oi evidence of acidosis None of these deaths are 
of significance in estimating the value of the high fat diet 

The status of the patients who left the hospital against advice is 
presented in Table 14 Seventy-five per cent of the patients who 
refused dietary treatment are dead This emphasizes again the import- 
ance of keeping the diabetic sugar-free regardless of the method 
employed 
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The twenty-four patients who died after leaving the hospital on the 
diet are presented in Table 15 Four patients are known to have 
died in coma and all of them are known to have discarded the diet 

TABLE 14 — Status of Patients Leaving Hospital Against 
Advice with Glycosuria 



Date of 

Date of 



Age Age at Age 

Duration 

Cause of Death 

Case 

Admis 

Dis 

Date of 

Date of 

at Admis 

at 

After 

or Condition 

No 

slon 

charge 

Onset 

Death 

Onset sfon 

Death 

Discharge 

if Alne 

18-2C3 

5/27/18 

6/ 4/18 

Jan , 1918 

7/1/18 

35 

38 

38 

1 month 

7 

18-468 

9/12/18 

9/16/18 

Jan , 1918 


39 

39 



Hefused treatment. 










gljcosurla 

19-38 

1/22/19 

2/14/19 

? 


? 

18 



Unrestricted diet. 










no glycosuria 

19-411 

8/26/19 

9/ d/19 

1917 

12/14/20 

51 

53 

54 

1 2 years 

“Chronic diarrhea’’ 

19-201 

4/17/19 

4/26/19 

1914 

July, 1921 

47 

52 

54 

2 2 jears 

Gangrene both legs 

29-516 

8/ 6/29 

8/12/20 

1915 

8/20/20 

30 

35 

35 

1 neek 

Coma 

29-670 

19/21/29 

10/27/20 March, 1920 

9/29/21 

26 

26 

27 

1 2 j ears 

Coma 

21-3115 

10/31/21 

11/ 1/21 

June, 1921 

Jan , 1921 

15 

16 

16 

8 months 

Pneumonia 


TABLE IS — Cases Discharged Without Glycosuria 


Total Duration 



Date 

of 

Date 

of 

Ago 

at 

Age 

at 

Cause of 

Dura 

tion. 

After 
Start of 


No Admission 

Death 

Onset Death Death 

lears 

Treatment Eemaris 

18-168 

4/10/18 

10/ 1/21 

57 

66 

Diabetic 

gangrene 

85 

3% yrs 

Chronic nephritis with 
hypertension 

18-298 

6/12/18 

Spring, 1921 

53 

59 

Apoplexy 

60 

2 yrs 


18-382 

7/23/18 

Jan , 1919 

27 

31 

Influenza 

4 0 

6 mos 


19-218 

*I2SI19 

1/ 7/20 

58 

69 

Uremia 

110 

14 mos 

Mild diabetes, severe 
nephritis 

19-229 

5/ 1/19 

5/ 9/19 

50 

65 

Carcinoma of 
uterus 

50 

1 yr 


19-263 

5/22/19 

11/23/19 

61 

67 

? 

60 

6 mos 


19-306 

6/20/19 

1/21/22 

64 

70 

Gangrene 

60 

2 6 yrs 


19-444 

9/ 5/19 

2/ 8/19 

16 

18 

Influenza 

20 

6 mos 


19-537 

10/22/19 

July, 1920 

20 

21 

Coma 

1 5 

9 mos 

Motor trip ate e\ ery 
thing, died short 
time after arriving 

29-24 

1/20/20 

Aug 1920 

26 

27 

? 

1 0 

8 mos 

29-211 

2/19/20 

4/18/21 

60 

59 

Apoplexy, 
Bright’s disease 

88 

14 mos 

Mild diabetes, severe 
nephritis 

29-294 

3/23/20 

5/24/20 

27 

28 

Convulsions 

08 

2 mos 

Cerebrospinal sjphills 

29-426 

6/ 8/20 

Sept , 1920 

33 

34 

Coma ? 

1 4 

3 mos 


29-427 

6/ 9/20 

Maj, 1922 

44 

47 

? 

32 

23 mos 


20-473 

7/12/20 

11/18/20 

32 

33 

Coma 

1 2 

4 mos 

Home phisiclan told 
her to eat what she 
wanted, died two 
weeLs later 

20-486 

7/16/20 

2/ 1/22 

62 

68 

Cardiac failure 


1 5 yrs 

Chronic myocarditis 

2CMJ32 

10/ 1/20 

7/ 5/21 

59 

65 

Carcinoma of 
breast 

60 

8 mos 


21-19 

1/10/21 

2/15/21 

71 

76 

Apoplexy 

52 

1 mo 

Mild diabetes, se\ere 
nephritis 

Tried ‘ patent modi 
cine”, died in three 
weeLs 

21-276 

2/ 7/21 

Jan , 1922 

21 

22 

Coma 

1 3 

11 mos 

21-2329 

8/17/21 

1/22/22 

54 

64 

Chronic pulmo 
narj tuberculosis 

10 3 

5 mos 

Adianced tuberculosis 
at admission 

21-2703 

9/20/21 

3/ 5/22 

62 

63 

Coma 

1 3 

5 mos 

Left against advice 

21-2954 

10/12/21 

Teh , 1922 

61 

68 

Angina pectoris 

7 4 

4 mo' 


21-3332 

11/14/21 

5/12/22 

6 

8 

Maxillary 

sinusitis 

20 

0 mos 


22-124G 

5/ 3/22 

6/ 2/22 

55 

55 

7 

03 

1 mo 

Discharged against 

advice, sugar free 


A fifth IS believed to have died in coma, though little is known about 
her death That is, of 167 patients discharged sugar free, only five 
have died in coma, and four of these are known to have discarded 
their diet These statistics demonstrate clearly the innocuousness of the 
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high fat diet in i elation to the induction of acidosis Two died of 
gangiene The rest died of causes not primarily diabetic 

A summary of the causes of death of all these forty-five patients, 
including those who died in and out of the hospital, is found in Table 
16 Joshn has pointed out that coma as a cause of death has 
decreased from 68 per cent of his fatal cases treated before 1914 to 
55 per cent since he has employed fasting and severe under nutrition 
Ihis he cites as evidence of improvement in treatment It is, there- 
fore, interesting to note that m oui relatively small series of fatal cases, 
only 27 per cent have died in coma 


TABLE 16 — Causes or Death in All Known to Have Died 
Since the Inception or High Fat Diet 



Number 

Per Cent 


Number Per Cent 

Coma 

12 

26 7 

Uremia 

1 

22 

Gangrene 

4 

86 

Central nervous system 


Pneumonia 

C 

13 3 

syphilis 

1 

2 2 

Tuberculosis 

3 

6 7 

“Chronic diarrhea’’ 

1 

9 0 

Septicemia 

3 

67 

Carcinoma 

2 

4 4 

In inition 

1 

<> O 

Apoplexy 

3 

67 

Angina pectoris 

1 

22 

Suppuratne sinusitis 

1 

22 

Cardiac lailurc 

1 

2 2 

Unknown 

5 

11 1 

TABLE 

17 — Stvtus or All Patients After More 

Than 

Four 


Yilvrs Use 

OF Treatment 






Williams 

Authors 

Senes 




A 


— - , 


I \ ( \ 

Number Per Cent Number Per Cent 


Totlll 304 1 00 176* 100 

Ll^ ing 201 66 131 75 

Dead 103 34 45 25 


* PNCluding 14 cases lost 

While we have pointed out the pitfalls encountered in the use of 
comparative statistics, it may, nevertheless, be of some value to tabulate 
our results beside those of competent observers using other methods 
It IS, of course, not necessary to compare this group with one treated 
previous to 1914 because of the great improvement in the treatment 
of diabetes mellitus that followed this date Comparison, however, 
with such statistics as those of Williams dealing with 304 cases treated 
during the five year period 1915-1920 may be profitable (Table 17) 

Allen has recently published the end results in patients treated 
in the Physiatnc Institute during 1919, 1920 and 1921 Since 'the 

12 Joshn, E P Today’s Problem in Diabetes Mellitus in Light of 930 
Fatal Cases, J A M A 78 1506 (May 20) 1922 

13 Williams, J R Evaluation of the Allen Method of Treatment of Dia- 
betes Mellitus, Am T M Sc 162 62 1921 

14 Allen, F M, and Sherrill, T W Clinical Observations on Treatment 
and Progress in Diabetes, J Metabolic Research 1 391, 1922 



480 


ARCHIVES OF INTERNAL MEDICINE 


number of patients lost from lobservation is not tabulated, a strict 
comparison may not be warranted In Table 18 the percentage of 
deaths of the two groups treated is presented , all deaths are included 
for each observer, regardless of the condition of the patients at 
admission or their adherence to treatment 

Allen has further tabulated his mortality by excluding those patients 
who came to him with gangrene, tuberculosis, serious acidosis and 
neoplasms and subsequently died of such complications In Table 19 
we have compared our mortality with Allen’s on this same basis 

A third comparison may be made with the mortality statistics 
recently published by Joslin of the group treated by him, in hospitals, 
during the period between April 1, 1919, and December 31, 1922 
In Table 20 will be found his data and those of the corresponding 
group of our series It will be noted that 8 per cent of our patients 


TABLE 18 — Comparison of Allen’s and Authors’ Statistics 
FOR 1919, 1920 AND 1921 as of Jan 1, 1922 





Mortality, 


Total 

Dead 

Per Cent 

Allen 

504 

86 

171 

Authors’ series 

137 

26 

18 8 


TABLE 19 — Similar Comparison with Deaths 

OF ' 

Patients Entering with 

Gangrene, Tuberculosis, Serious Aodosis 

AND 

Neoplasm 

Omitted 




Mortality, 

Total 

Dead 

Per Cent 

Allen 

480 

62 

ISO 

Authors’ series 

128 

17 

13 3 


died m the hospital, whereas only 2 per cent of Joslin’s died in the 
hospitals Since our greater initial mortality is not related to the 
dietetic plan, it does indicate that we receive a considerably larger 
proportion of patients who are suffering, when first seen, from serious 
illnesses which will shortly end their lives, regardless of their diabetic 
state In spite of this our mortality is slightly less than his It is 
also worthy of note that the average duration of life of those dying in 
his series was 4 5 years, and in ours, 4 8 years 

It IS apparent that, in so far as our statistics go and in so far as 
deductions from them are justifiable, there is no shortening of the 
duration of life of the diabetic by the use of a low protein, low 
carbohydrate, high fat, maintenance regimen The advantage to the 
diabetic patient of a diet deriving most of its energy from fat, which, 
while still controlling the diabetic state, allows him a wide range of 
actiwties and avoids the chronic invalidism of severe undernutrition, 
IS apparent This is admitted by the most ardent adherents of the 
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undernutiition legimen, provided it can be demonstrated to them that 
such a diet does not inciease the danger of coma nor shorten the 
duration of life We have shown that these two feais are groundless 
None of our patients has gone into coma as the result of the initiation 
of this treatment and only half as laige a percentage of our fatal 
cases have resulted m death m coma as in Joslin’s senes Our mortality 
statistics aie not importantl} difteient fiom those of the observers who 
use seveie undernutrition The improvement in the treatment of dia- 
betes since the intioduction of undernutiition in 1914 is undoubted The 
high fat maintenance regimen has been shown to permit the diabetic 
the same expectancy of life as undernutiition Since the high fat 
regime carries the out-standing benefit of undernutrition, namely, an 
increased duration of life, and at the same time avoids the incapacity 
that inevitably results fiom prolonged undernutrition, it must neces- 
saril}' follow that undernutrition should be supplanted by this dietetic 
method 


TABLE 20 — Diabetic Patients Treated from April 1, 1919, to 
Dec 31, 1922, on Jan 1, 1922 



Authors 

Joshn 

IS 


Nuiiibci 

Per Cent 

f 

Number 

Per Cent 

Cisos, totnl 

1>4 

lit 

100 

536 

100 

Cnscs, traced 

91 

508 

95 

Boatlis in hospital 

10 

8 

11 

2 

Deaths in and outside hospital 

26 

21 

118 

23 


7 Minoi Consideiations — Besides these six major considerations 
which must enter into a discussion of the treatment of diabetes, there 
are a few matters of less importance which, nevertheless, should not 
be Ignored in judging of the value of any dietetic regimen Chief 
among these are palatability of the diet, its safety in relation to surgical 
operations and its effect on the gastro-mtestinal tract 

On first thought it would seem that it must be difficult to provide 
diets containing so much fat and so little carbohydrate that are still 
palatable To the skilled dietitian this is not a serious problem Not 
only can the meals be made attractive, but sufficient variety can be 
offered so that there is no monotony and the patient need not be 
surfeited with any one kind of food 

The surgeon will ask whether such a diet as has been described 
may properly be used as a preparation for operation We have had 
a not inconsiderable expenence in this matter, and we have not varied 
from our routine m preparing our patients for opeiations Such 
minor operative procedures as tooth extractions, tonsillectomies, and 

15 Stewart, D Feeding High Fat Diets in Diabetes, Mod Hosp 18 164, 
1922 
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extraction of cataract have been frequent Several have had amputa- 
tions of fingers or toes, removal of osteomyelitic bones, and uterine 
curettages We have had to deal with the usual number of diabetics 
who reqiured major surgical operations None of these patients has 
developed a serious acidosis One patient died of postoperative pneu- 
monia which complicated the repair of a ventral hernia without the 
reappearance of glj^cosuria, at necropsy a vnde spread pneumonia of 
the influenzal type was found The remainder of the patients made 
an uneventful convalescence 

It might be questioned whether a diet so rich m fat may not be 
accompanied by diarrhea Such has not been our experience, in no 
one of our 190 cases has our diet been responsible for a diarrhea 

SUMMARY or RESULTS 

A low protein, low carbohydrate, high fat diet fed a large gioup 
of diabetic patients since March 1, 1918, (1) produced and maintained 
an aglycosuric state, (2) was not attended by acidosis and caused 
its disappearance when present (short of coma) at the beginning of 
treatment, (3) maintained nitrogen balance, (4) did not cause a 
hyperhpoidemia and was attended by its disappearance in those patients 
in whom it was present at entrance, (5) supplied sufficient energy 
to (a) avoid the evils of fasting and undernutrition and (h) permit 
an amount of activity compatible with earning a livelihood, (6) was, 
within the limits of our obsen^ations, not attended by downward 
progress m uncomplicated cases 

DISCUSSION 

In the construction of the diet that we have recommended we had 
in mind as the first requirement that its glucose equivalent be low 
in relation to the total calories Since all of the carbohydrate, 58 
per cent of the protein, and, perhaps, 10 per cent of the fat, are 
converted during metabolism into glucose, it is apparent that such a 
diet must be composed chiefly of fat If the glucose equivalent of 
different types of diabetic diets are calculated by means of these figures, 
as suggested by Woodyatt the interesting results shown in Table 21 
are obtained 

It is apparent that the high fat diet throws into the metabolism 
much less glucose in proportion to its caloric content than do the other 
two types of diet 

Relation of High Fat Diets to Acidosis — Owing to the lowered capa- 
city of the diabetic to burn glucose, there is a proportional decrease 
m his ability to burn fat Some glucose must be oxidized to assure 
the complete oxidation of fat The maximum fat-carbohydrate ratio 
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that IS safe has not been established beyond question On the basis 

of the available data, Woodyatt^® has suggested that if the ratio 

Fatty Acid ^ ^ r , „ , , ^ 

" Glucose gi eater than 1 5, acidosis will develop Our standard 

diets far exceed this ratio For example, a standard maintenance 
diet, composed of protein, 55 gm , fat, 220 gm , carbohydrate, 35 gm , 
gives a ratio of 2 5 In spite of these high fat values none of the 
patients developed an acidosis Of still more importance is the fact 
that in those patients who came m with an acidosis short of coma, 
this acidosis has disappeared on the diet Furthermore, we have even 
exceeded such high fat carbohydrate ratios in individual cases with- 
out the induction of acidosis A striking example of this was presented 
as Case 2 Reference to Table 3 will show that this young diabetic, 
who entered the hospital with a marked acidosis as shown by his 
clinical condition, the caibon dioxid combining power of his blood 
plasma and the feme chlond reaction of his urine, showed a prompt 


T A.BLE 21 — Glucose Equivalents of Different Diets 


Protein 

Pnt 

Cnrbohydrate 

Calorics 

Glucose Eaulvalent 

ISO 

1S8 

10 

2,000 

128 i 

oo 

113 

130 

2,000 

193 6 

30 

187 

30 

2,000 

781 


disappearance of the symptoms and signs of the acidosis on our 
routine desugarization diet Later he tolerated without acidosis a 

maintenance diet whose -was 4 1 Our experience with 

Glucose 

this group of diabetics has convinced us that much higher fat carbo- 
hydrate ratios than those allowed by the calculation of Woodyatt may 
safely be emplo3'ed 

Ladd and Palmer^® have also studied the question of the carbo- 
hydrate-fat ratios in relation to ketonuria Diabetic patients were 
freed from sugar, their sugar tolerance determined and they were 
then placed on diets which contained enough protein to maintain nitrogen 
equilibrium with the fat and carbohydrate given During different 
periods the protein was kept constant and the amount of carbohydrate 
was reduced in proportion to the fat until ketone bodies showed a 
definite increase in the urine Table 22 shows the percentage rela- 
tionship of fat and carbohydrate and the total available carbohydrate 

16 Woodyatt, R I Objects and Method of Diet Adjustment m Diabetes 
Mellitus, Arch Int Med 28 125 (July) 1921 

17 Fatty acid = 09 fat plus 046 protein, glucose = carbohydrate plus 0 58 
protein plus 0 1 fat 

18 Ladd W S , and Palmer, W W The Carbohydrate -Fat Ratio m Rela- 
tion to the Production of Ketone Bodies m Diabetes Mellitus, Proc Soc Exper 
Biol & Med 18 109, 1921 
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(calculated by adding 58 per cent of the protein to the carbohydrate) 
in the diet of the patients at the point where the ketone body excretion 
showed a marked increase In one of our standard diets containing 
35 gm protein, 160 gm fat and 20 gm carbohydrate, the corresponding 
ratio IS 1 4 

Shaffer who has been studying the relation of the distribution 
of the foodstuffs burned in different metabolic states to ketosis, has 
insisted on the importance of the total metabolism in this relation 
An outcome of his work is tlie development of a formula by means 
of which one may derive the amount of carbohydrate that must be 
given in the maintenance diet of an aglycosunc diabetic to prevent 
ketosis The formula is as follows 

Total Calories — ( 100 X Urine N) r- -u- c a 
50 

If this formula is applied to our diets, it will be seen that a mainte- 
nance diet containing 55 gm protein, 220 gm fat and about 2400 
calories should include 31 gm carbohydrate to prevent ketosis our 


TABLE 22 — Carbohydrate-Fat Ratio When Ketonuria Appeared 

(Ladd and Palmer) 


Case No 

Gm Available 
Carbohydrate 

Gni Fat 

Ratio 

101 

600 

150 6 

1 

25 

102 

25 I 

1110 

1 

4 4 

103 

40 9 

£0 4 

1 

1 9 

104 

31 4 

1401 

1 

4 5 

105 

254 

805 

1 

32 

106 

25 6 

801 

1 

32 

107 

516 

235 3 

1 

4 6 

100 

280 

129 9 

1 

40 

no 

36 6 

841 

1 

2 3 


diet containing these amounts of protein and fat does m fact contain 
35 gm carbohydrate In a similar manner, a patient weighing less may 
be maintained in nitrogen and caloric balance on a diet containing 35 
gm protein, 165 gm fat, 25 gm carbohydrate, 1725 calories, the 
combustion without ketosis of these amounts of protein and fat would, 
according to Shaffer’s formula, require 23 gm carbohydrate Shaffer’s 
fundamental anal)'^sis of the mechanism of acidosis, fully justifies the 
use in practice of these high fat diets 

The important conclusion to be denved from our experience with 
these 190 cases is that the fear of the use of fat in the treatment of 
diabetes melhtus is exaggerated, and that fat may be used, as we have 
used it, without danger of acidosis On other hand, we do not want 
to insist on the employment of the exact proportions of the food- 
stuffs that we have used It is possible that other combinations may 

19 Shaffer, P A The Ketogenic-Antiketogenic Balance in Alan, and Its 
Significance in Diabetes, J Biol Chem 50 (Proc ) XXYI, 1922 
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have their advantages in individual cases The essential fact is that 
diabetics can tolerate without acidosis low protein maintenance diets 
containing four times as much fat as carbohydrate 

Advantages of Limitation of Piotein — In the dietetic treatment of 
any disease over a long period of time it is of prime importance that 
nitrogen balance be maintained We have demonstrated in a previous 
communication ® that nitrogen balance can be maintained in the diabetic, 
as in the normal, by the use of a diet containing 0 67 gm protein 
per day per kilogram of body weight, provided enough total calories 
are given to satisfy the metabolic needs Protein much in excess of 
this minimum not only is not a necessity but is a disadvantage, for 
two reasons As the protein content of a diet is decreased, the carbo- 
hydrate content may be increased without changing the glucose equiva- 
lent of the diet Furthermore, with the decrease m the protein, there 
is a decrease in the fatty acids, and the food fat, with its greater 
energy A^alue, may be increased without change in the ratio between 
the fatty acids and the glucose For example, in a patient whose total 
glucose tolerance is 100 gm , either of the diets shown in Table 23 


TABLE 23 — Caloric Content of Diets Equivalent in Glucose 



Protein 

Fat 

Carbohydrates 

Calories 

Patty Acids 

Glucose 

1 

150 

130 

0 

l.TVO 

186 

100 

2 

50 

ISO 

65 

2, WO 

185 

100 


may be fed without exceeding his glupose tolerance or changing the 
fatty acid content The gam in calories is 270 In the second place, 
the specific dynamic action of the large amount of protein in the 
first diet causes a much larger increase in the expenditure of enrgy in 
excess of the basal rates than is caused by fat or carbohydrate, and 
thereby increases the inadequacy of the diet for maintenance Recently 
W ilder, Boothby and Beeler have found that high protein diets 
increased the basal metabolic rate of a diabetic patient as well as the 
post-absorptive rate Wilder believes that an excess of protein exerts 
a specifically depressant effect on the ability of the organism to utilize 
glucose 

Total C alone Content of the Diet — Besides the proportions of the 
individual foodstuffs in the diet, it is important to consider the total 
metabolism This can conveniently be done by taking up the question 
under two heads, agreeing with the two phases of treatment first, the 
period of desugarization, and second, the prolonged period of after 
treatment 

20 Wilder, R M , Boothby, W M , and Beeler, C Studies of the Metabo- 
lism of Diabetes, J Biol Chem 50 (Proc ) XXVIII, 1922 

21 Wilder, R M Optimal Food Mixtures for Diabetic Patient, JAMA 
78 1878 (June 17) 1922 
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Desuganzaiion Peuod — It is important to know whether desugar- 
ization IS best accomplished by fasting, on the one hand, or by a sub- 
maintenance diet, on the other As has been pointed out, fasting is 
not ideal for this purpose A small proportion of patients die as the 
result of It, it does not always succeed in controlling glycosuna and 
acidosis, in some cases the fast must be terminated because of an 
increasing acidosis, and in all cases it is exhausting and a hardship 
for the patient We have shown that in our series of adult cases a 
diet containing 15 gm protein, 90 gm fat, 12 gm carbohydrate and 
960 calories has been uniformly successful in eliminating glycosuria 
and acidosis, without causing any deaths, and without great exhaustion 
of the patient Among fifteen children less than 15 years of age treated 
by similar diets, none has failed to become sugar free, and none has 
developed an acidosis 

Fasting was introduced for the purpose of decreasing the work 
of that part of the pancreas that has to do with the intermediary 
metabolism of the food stuffs Before accepting this method with 
Its disadvantages it is important to analyze the effect of fasting on 
normal subjects For this there is available a large collection of data 
The fasting subject continues to require fuel for heat and energy, and 
derives this from his own tissues Benedict,®^ for example, has ana- 
lyzed the nature of the tissues used for this purpose, his subjects 
burned on the third day of their fast an average of the following 
amounts of the food stuffs per kilogram of body weight , protein, 1 28 
gm , fat, 2 54 gm and carbohydrate, 0 36 gm A man weighing 60 
kg may, therefore, be expected to burn 77 gm protein, 152 gm fat, 
22 gm carbohydrate, and 1820 calories 

In a general way, the fasting diabetic utilizes his body tissues in 
the same manner There will be some variations in the actual pro- 
portions of the material burned from patient to patient because of 
differences in capacity for burning carbohydrate and differences in 
the ratios of fat to protein in the body If body fat is available, the 
patient will derive most of his calories from its combustion Voit 
has shown that a well nounshed dog which during starvation burned 
96 gm of body fat, burned 97 gm when fed 100 gm fat That is, 
the same amount of fat was burned, whether it came from his food 
or from his bod)’- If, on the other hand, the subject is lean, more 
protein and less fat vnll be burned A diabetic who has consumed 
most of his fat stores is thrown back on his body protein for his 
important source of energj’- He may be spared some of this excessive 

22 Benedict, F G Influence of Inanition, Carnegie Inst Washington, 
D C, Pub 77, p 476, 1907 

23 Lusk, G Science of Nutrition, Philadelphia, 1919 
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endogenous protein metabolism by the addition to his metabolic mixture 
of ingested fat In the well nourished diabetic, the food fat merely 
replaces part of the body fat that would be burned in fasting, m the 
lean diabetic the ingestion of fat permits the same sparing of protein 
which occurs m fasting in the well nourished diabetic because of the 
presence of fat stores In our desugarization diet some of this endo- 
genous protein is replaced It is not certain that replacement of all 
protein would not have further advantages The important fact to 
be denved from these considerations is that the starving subject con- 
tinues to burn material, and m amounts not much smaller than when 
he IS resting on a maintenance diet The amount of relief for the 
pancreas by fasting must be relatively small Not only does a diet 
containing 900 or 1000 calories not increase the work of the pancreas 
as regards internal secretions, but it may, perhaps, decrease it because 
It spares protein with its specific dynamic action on the metabolic rate 
We have cited examples of diabetic patients who did not become 
sugar free when fasted, but who did become sugar free when fed 
diets containing 900 calories denved chiefly from fat That this 
might be predicted from the laws of metabolism has been pointed 
out by Woodyatt and by us ^ The lean diabetic who can burn little 
glucose and whose small residue of body fat supplies but little fuel 
IS of necessity thrown back on his body protein for the production of 
heat and energy This protein behaves in a manner no different from 
that of ingested protein, 58 per cent of it is converted into glucose 
Because of the excessive destruction of body protein, glucose accumu- 
lates in the bood, hyperglycemia results, and the urine continues to 
show sugar While this phenomenon, which at first glance appears 
paradoxical can easily be explained, it has been so completely disre- 
garded m the past that it must be strongly emphasized Protein derived 
from the tissues is just as capable of producing glycosuria as is protein 
assimilated from the intestinal tract 

The destruction of important body tissues dunng fasting cannot be 
Ignored Table 24 presented by Lusk from the work of Kumagawa, 
shows the loss of weight of different organs of a dog during a twenty- 
four day fast It is interesting to note that the greatest percentage 
of loss was m the pancreas May it not be true that more harm than 
good IS done 7 At any rate the damage to vital organs is not negligible 
A diet of 900 to 1000 calories derived chiefly from fat is devoid 
of most of the disadvantages of complete fasting for purposes of 
desugarization It might be argued that such a diet has disadvantages 
of its own greater than those of the fasting method It might be 
assumed that such a diet does not produce the depression of metabolism 
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which results from starvation, that it on the contrary causes an increase 
in the metabolic rate and that it adds glucose to the body 

Data of the fall in basal metabolic rate of normal men due to 
fasting are available Examination of Table 25 will show that a fall 
of less than 10 per cent of the total heat production of the first day 
occurred in five days Unfortunately we have been unable to find 
enough studies of the effect of fasting on the basal metabolic rate of 
diabetics to justify any general statement During five days of fasting, 
the basal metabolic rate of Cyril K fell from 40 8 to 35 9 calories 
per square meter per hour — a decrease of 12 per cent Studies of the 
metabolic rates of our patients have shown that there is a rapid fall m 
the metabolic rate, and that this fall is at least as great as that which 
may be expected from fasting 


TABLE 24 — Loss in Weight of Different Organs During Starvation 

(Kumagawa) 


Fat-Free Animal Contains in Fresh Fat Free 
Percentage of Weight Organ Loses in 


Organs 

Well 

Nourished 


start a 
tion 

— , Percentage 
Weight During 
a 24 Days’ Fast 

Skeleton 

14 78 


21 50 

5 

Skin 

10 30 


lfi29 

28 

Muscles 

53 77 


48 39 

42 

Brain and cord 

0 94 


1 11 

22 

Eyes 

on 


016 

3 

Heart 

0 54 


0 69 

16 

Blood 

7 14 


5 69 

48 

Spleen 

0 39 


0 26 

57 

Liver 

3 98 


3 05 

SO 

Pancreas 

0 33 


019 

62 

Kidney 

0C6 


0 45 

55 

Genitals 

0 30 


0 23 

49 

Stoinacli and intestine 

5 81 


6 02 

32 

Lungs 

0 89 


0 97 

29 


It IS true, that the diet must cause some slight rise m the metabolic 
rate above basal Since most of the energy, however, is derived from 
fat with its very low specific dynamic action, this rise is negligible 
The small amount of carbohydrate in the diet is compensated for 
bj the decrease in glucose derived from protein consequent to the 
decrease in protein metabolism 

Pcnod of After Treatment — Prolonged undernutrition has been 
advocated for rest of the weakened function of the pancreas The 
disadvantages of this method have been pointed out Its advocates 
believe that the resultant depression of the total metabolism stays the 
downward progress of the disease and even improves the carlxihydrate 

24 Gejelin, H R and DuBois, E F Case of Diabetes Mellitiis of Maxi- 
mum Seventy, JAMA 66 1532 (Maj 13) 1916 
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tolerance in severe cases It is undoubtedly true that the average dura- 
tion of life of the diabetic has been increased materially during the 
last decade It is impossible, however, to determine how much of 
this improvement has been due to undernutrition and how much to 
the increased interest in the disease, the more accurate measurement 
of the patient’s food and his more thorough instruction in dietetics, 
consequent to the brilliant animal experiments of Allen and the pains- 
taking clinical studies of Joshn The demonstration that undernutri- 
tion IS more effective m pi eventing downward progress and is more 
liable to improve carbohydrate tolerance than any other diet that keeps 
the patient aglycosunc has not been made If it is true that a mainte- 
nance diet that will control glycosuria and acidosis will be as successful 
in the management of the disease as is undernutrition, it is apparent 
that the former is far more satisfactory than the latter As has been 
pointed out, sufficient time has not elapsed for us to answer this 

TABLE 25 — Effect of Starvation on Total Metabolism (in Calories) 





Dny 

A 



Percentile 







""N Jj UAi UJA 


1 

2 

3 

4 

5 

Fifth Day 

‘•Jj’* 20 

1,834 

1,845 

1,820 

1,760 

1,732 

5 4 

B r D == 

2,109 

2,103 

2,110 




A L L s= 

1,956 

2,174 

2,056 

1,971 



SAB (III) == 

1,766 

1,772 

1,831 

1,775 

1,655 

62 

J A so 

2,220 

2,102 

2,024 

1,992 

1,970 

no 

Cetti* ST 

1,618 

1,618 

1,618 

1,618 

1,504 

71 


* Average for periods 


question finally, but it is true that we have not as yet observed loss 
in tolerance in patients who have adhered to the diet as long as three 
3 ^ears The statistical study of our patients does not show a decrease 
m the duration of life when compared with other patients who have 
been treated for the same length of time by undernutrition 


CONCLUSIONS 

A diet of 900 calories derived chiefly from fat produces the same 
fall m basal metabolic rate as does fasting It has advantages over 
fasting in that it is more successful in desuganzation and is a far less 
dangerous method 

A low protein, low carbohydrate, high fat, maintenance diet fed a 
large group of diabetic patients since March 1, 1918, maintained an 


25 Benedict, EG A Study of Prolonged Fasting, Carnegie Inst Wash- 
ington, D C, Pub 103, 1914, p 414 

26 Landergren, Souden and Tigerstedt Skand Arch f Physiol 7 54, 87, 
1897 

27 Lehmann, C, and Zuntz, N Untersuchungen an Zwei hungernden 
Menschen, Arch f Pathol Anat 131 (Suppl ) 209, 1893 
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aglycosunc state , was not attended by acidosis , maintained nitrogen 
balance, did not cause a hyperlipoidemia and ^vas attended b}'^ its dis- 
appearance in those patients in whom it was present at entrance, 
supplied sufficient energy to avoid the evils of undernutrition and to 
permit an amount of activity compatible with earning a livelihood, 
and was, within the limits of our observation not attended by downward 
progress m uncomplicated cases 



A STEM-STATURE INDEX 


H GRAY, M D 

BOSTON 

The ratio of the stem-length, i e , the sitting-height measured in a 
special and seemingly more accurate manner, to the stature is thought 
worth bringing to the attention of clinicians for the following reasons 

1 The proportional sitting-height (100 Si — H) has an established 
value among investigators of growth in school children and, indeed, in 
general, among physical anthropologists 

2 The absolute measurements of sitting-height and the similar stem- 
length have been shown in the last six years to possess a notable 
parallelism to the body weight ^ ^ Some have even believed this 
correlation to be closer than of weight to height ^ At least, it seems 
fair to urge those who take any measurements to include the stem- 
length 

3 The relationship of body trunk to extremities has, m the last three 
years, increasingly been brought forward by American physicians in 
regard to endocrine disease, especially of the hypophysis This rela- 
tionship may, in our opinion, be best expressed by a stem-stature index 
(A H) Such a proposition has the following advantages (a) sim- 
plicity, since fewer measurements are needed than with the existing 
methods to be cited, (b) speed, for the same reason, (c) accuracy, 
since of the measurements heretofore suggested the stem has the most 
definite landmarks and also is the least vitiated by carelessness of posi- 
tion on the part of the subject, as has been indicated elsewhere ® 

THE STEM INDEX IN ENDOCRINE DISORDERS 

Before illustrating the possible utility of this proposition, it will 
be well to survey the methods advocated by others 

1 Pirquet, C Sitzhohe und Korpergewicht, System der Ernahrung II, 
Ztschr f Kmderh 14 211, 1916 

2 Dreyer, G Investigations on the Normal Vital Capacity in Man and Its 
Relation to the Size of the Body, Lancet 2 227 (Aug 9) 1919 

3 Gray, H , and Root, H F Weight Prediction by the Formulae of Born- 
hardt, of von Pirquet, and of Dreyer, Boston M & S J 185 28 (July 7) 1921 

4 Gray, H , and Walker, A M Length and Weight, Am J Physical 
Anthropol 4 231 (July-Sept ) 1921 

5 Gray, H . and Edmands, G H Indices of the State of Nutrition in Chil- 
dren, Am J Dis Child 23 226 (March) 1922 

6 Gray, H Sitting-height and Stem-length in Private School Boys, ibid 
23 406 (May) 1922 
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In 1912, Cushing’s authoritative monograph on the pituitary body 
affirmed that “the role of the hypophysis in growth is of primary 
interest ” Such measurements, however, as were there reported shed 
little light on the proportional trunk to limb ratio under discussion 
Other writers, too, have evidently thought a ratio not worth considera- 
tion, but surely it is worth considering until it shall be either confirmed 
or condemned 

In 1913, Friedenthal ® displayed an elaborate geometric scheme 
including the skull height, neck length and Rumpflange, which together 
he considered not very accurately equal to the sitting-height If we 
add his figures we can get 53 7, 17 7, and 12 4 respectively, which total 
83 8 cm , and this divided by the average European height, 170 cm , 
yields 49 per cent for an index 

In 1913, Tandler and Grosz,® while discussing eunuchoidism, gave 
values for Unterlange, Oberlange, and height As we have not dis- 
covered their technic we cannot compare their results strictly with 
others, but from the last two of their measurements we reckon an 
index (from their Figures 7, 8, 9 and 13) as varying from 41 to 45 
and averaging 43 5 per cent This shows clearly the relative overgrowth 
of leg which they commented on in gonadal insufficiency 

In 1916, Falta and Meyers talked of the upper length as distance 
vertex to symphysis pubis (here to be abbreviated VSY), and the 
lower length variously as (a) symphysis to heels, or (b) anterior 
superior spine to internal malleolus, or (c) anterior superior spine to 
the floor No normal numerical index was there offered In their 

f 

Observation 33, a subject with dyspituitarism, values were given from 
uhich the ratio VSY FI may be calculated as 35 per cent, a value 
agreeing with modern ideas of long legs in anterior lobe hyperfunction 
such as acromegaly 

However, the pubis is too movable a landmark, as we have shown 
previously * This source of error receives support in a letter from a 
well known professor of neurology who has written on certain of these 
endocrine troubles Fie says “We do not believe that a few centi- 
meters make very much difference The measurements are taken 
merely to get the general proportions ” In other words, he has noticed 
that the measurements as taken by some are apt to be a few centimeters 
in error In fact, one of the papers cited gives lengths from 

7 Cushing, H The Pituitar} Body, Philadelphia, 1912 

8 Fnedenthal, H Ueber Wachstum, Ergebn d inn Med 11 688, 1913 

9 Tandler, J , and Grosz, S Die biologischen Grundlagen der sekundaren 
Geschlechtscharaktere, Berlin, 1913 

10 Falta, W, and Me 3 ers, M K Ductless Glandular Diseases, Ed 2, 
Philadelphia, 1916, p 10 
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vertex to pubis and from pubis to floor whose sum differs from the 
total height by at least 2 5 cm in all of the four subjects reported, and 
in two of them by even 3 5 cm Furthermore, the sum was greater 
than the height in two of the instances and in two was less, i e , the 
error was not even constant m direction Our own measurements to 
the symphysis have shown similar irregularities and, therefore, in our 
judgment bar the pubis as a landmark, convenient though it is to have 
the normal ratio an even 50 per cent 
In 1919, Timme wrote 

The bony structure in the first and second stages usually shows 
anomalies m proportionate skeletal growth, i e , legs too long for thorax or 
vice versa My scale for this determination is a fraction with the numerator 
as the distance from the sternoclavicular junction to the anterior superior spine 
of the ilium of the same side, and the denominator the distance from the 
anterior superior spine to the external malleolus , normally, this fraction is one- 
half — a larger one meaning too large a torso, while less than one-half repre- 
sents too long a leg, I call this ratio the torso-leg ratio 

In 1920, Engelbach and Tierney likewise figured a 50 per cent 
torso-leg ratio, but with different landmarks The upper measurement 
was taken from the top of the vertex, with the spine straightened out, 
to the top of the symphysis, with the patient m lying position The 
“lower measurement^’ was taken from symphysis to sole 

In each of two cases of thyroid deficiency this ratio was 50 per 
cent , 1 e , normal 

In five cases of hypopituitarism the range was from 48 to 51, 
averaging 49 6 per cent , indicating slightly longer legs than normal 
In two cases of hyperpituitarism the ratio came out 47 and 49, with 
an average of 48 per cent This agrees with the usual expectation of 
long legs in acromegaly due to hyperprepituitarism 

In one classical eunuchoid with ovarian insufficiency the ratio was 46 
per cent This conforms to the principle noted by Tandler and Grosz 
and to the indices we have calculated above from their data 

In 1920, Wilder discussed the difficulty of measuring leg length 
“In the leg there is no definite landmark to use as the proximal limit 
It IS usual to consider the head of the femur as marking 
this limit, but here the difficulty is that this feature lies too deeply for 
palpation, or even approximately locating it ” 

11 Timme, W A New Pluriglandular Compensatory Syndrome, M Clmics 
N America 2 963 (Jan ) 1919 

12 Engelbach, W Endocrine Amenorrhea, M Climes N America 4 665 
(Nov) 1920 

13 Tierney, J L The Basal Metabolic Rate in Endocrine Disturbance, 
M Clinics of N America 4 775 (Nov ) 1920 

14 Wilder, H H A Laboratory Manual of Anthropometry, Philadelphia, 
1920 
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Since these things are so for an expert, how much truer for us 
physicians who practice anthropometry only on the side ^ 

In 1921, Draper,^® in his turn, practiced still another rule His 
trunk length seems to correspond to stem-length His technic is not 
detailed in the published paper, but seems of likely interest to any one 
working on this problem and is therefore quoted from a letter 

In answer to your questions I may say that I have been somewhat dis- 
satisfied in my own mind about the correctness of measuring the relation of 
trunk and body length by taking either the umbilicus or the symphysis as the 
point of division I have been measuring as nearly as possible the actual length 
of the trunk and the actual length of the lower extremity I have done this m 
the following way By palpating the upper margin of the trochanter of the 
femur, and measuring from about a centimeter above this to allow for the 
slightly higher point of the head of the femur From this I measure to the sole 
of the foot m one of two ways either with the patient recumbent using an archi- 
tect’s T-square, hooking the cross piece under the foot and marking the 
trochanter point on the long arm of the T-square, or having the patient stand 
up against the wall and marking the trochanter point m the old-fashioned way 
against the wall This gives the actual length of the lower extremity, at least 
in terms of its bone, which is what you are really after In measuring the 
trunk I have felt that the actual information wanted was the distance from the 
tuberosity of the ischium (the point you really sit on) to the top of the head 
This can be measured either by having the patient sit upon a hard stool with 
his back to wall or standing with his back to the wall and raising one thigh 
to the right angle position, then feeling for the tuberosity and making a mark 
on the wall , or you can do it also in a recumbent position with surprising 
accuracy by measuring from the same trochanter point used for the lower 
extremity measurement, to the top of the head To this measurement must be 
added an average of ten or eleven centimeters because the acetabulum lies 
about that distance above the tuberosity 

The contours about the waist, hip, and thigh are often very misleading and 
so-called apparently long-waisted individuals actually measure out the other 
way and vice versa 

The normal torso-leg ratio he supposed to be about one to one 
In three cases of gonadal insufficiency which he reported, we figure 
the ratio as from 51 to 52, averaging 51 3 per cent, indicating rather 
short legs, which is contrary to the usual observations, as noted above 
In two cases with hyperovarian disease the ratio was 53 and 54 
per cent Here the short legs are what we should expect as the converse 
of Tandler and Grosz’s long legs in castrates 

In 1921, Weisenburg and Patten^® described a most systematic 
method for the investigation of pituitary disorders For their torso-leg 
ratio, normally 1 2, as was the case with the different measurements 
of Timme, these writers took the distance from the suprasternal notch 
to the anterior superior spine (aierage, if different on the two sides), 

15 Draper, G Re\ersi\e Sex Phenomena, M Clinics N America 4 1345 
(March) 1921 

16 Weisenburg T H , and Patten, C A Methods of Investigation of 
Pituitar\ Disorders, M Clinics N America 5 759 (Nov ) 1921 
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and from that spme to the internal malleolus In their six dyspituitansm 
cases the ratio ranged from 45 to 67 per cent , with an average of 52, 

1 e , a surprisingly long torso 

Krumbhaar,^’' in 1921, followed the same practice The ratio in his 
cases of acromegaly (hyperprepituitansm) was 48 per cent , i e , a 
typically short torso 

Recently, Davenport and Love discussed still other landmarks 
“The pubic height is important because it is almost exactly (perhaps 
35 mm below) the level of the center of the acetabulum or the axis of 
the hinge of the femur the length of the physiological leg ” 

Here, again, we wish to insist that the pubic height is unreliable unless 
measured in a position more firmly defined than we have been able to 
find in the literature 

The “leg-length” gluteal fold to internal malleolus is not 

the physiological leg-length (and) is much less valuable than the total . 

leg-length as indicated by the height of the pubic arch The leg-length may 
also be secured by subtracting the sitting-height from the total stature 

These authors found the sitting-height about 53 per cent of the 
total height, but laid no gieat emphasis on this ratio Incidentally, this 
proportion differs strikingly from the 50 per cent reported by most 
other observers 

Blumgarten m 1922, like Falta and Meyers, took for the lower 
extremity the distance from the upper border of the pubis to the ground, 
and for the torso subtracted this distance from the height In normals 
he found the torso less than the lower extremities 

The only acromegalic subject of whom we ourselves obtained 
measurements yielded the A H index of 55 per cent , which is atypically 
above the 52 per cent which we show elsewhere to be normal In other 
words, we found, like Weisenburg and Patten, that pituitary patients 
may have relatively short legs, contrary to what seems to be the rule, 
judging, for example, Falta and Meyers, Engelbach, Tierney, and 
Krumbhaar 

Since writing the foregoing, a review of 150 titles, mostly case 
reports on pituitary disease or on giantism with or without acromegaly 
has revealed thirty-five articles containing measurements of trunk or 
extremities In most instances there were no calculations of the ratio of 
the additional measurements to the stature, much less any normal index, 

17 Krumbhaar, E B Pituitary Disorders, M Clinics N America 5-. 927 
(Nov) 1921 

18 Davenport, C B , and Love, A G Army Anthropology, Statistics, 
Medical Department U S Army in World War, Washington, 1921, p 199 

19 Blumgarten, A S The Role of the Endocnnes in Common Medical 
Diseases, M Clinics N America 5 1023 (Jan ) 1922, and personal communi- 
cations 
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and owing to the \anety of landmarks which were used the possible 
conclusions were less conspicuous than they might have been had a 
uniform method been used For the sake of greater completeness the 
references are grouped according to the extra measurement recorded 


THE STEM-STATURE RATIO AND SIMILAR INDICES IN NORMALS 

A synopsis of the rival ratios may be seen in the table For the 
sake of compactness the following abbreviations have been assembled 
from tbe literature, and are listed m dictionary order 

C = cervicale, free end of the spine of the seventh cervical vertebra, 
the vertebra prominens (Wilder) 

H = total height or stature 

IS = iliospinale anterius, anterior ventral spine of the crest of the 
ilium, old termino’ogy anterior superior spine (Wilder) 


20 Sitting Height — Virchow Ztschr f Ethnologic 17 469, 1885 Ammon, 
O L’anthropologie 7 285, 1896 Papillault, G Bull soc d’anthrop , S 4 10 
426 (June 1) 1899 Pittard Personal communication quoted by Roy, P These, 
Pans, Feb 25 1903, p 75 Launois, P E , and Roy, P Rev neurol 10 1054 
(Nov -Dec) 1902, and Nouv Icon 15 540 1902, and Compt rend soc biol 
55 22 (Jan 10) 1903, and Etudes biologiques sur les geants. Pans, 1904 
Pittard, E L’anthropologie 14 463, 1903 Luschan Ztschr f Ethnologic 35 
479, 1903 Redlich, E Wien klin Rundschau 20 489 and 508 (July 1) 1906 
Widal and Boidin Bull et mem Soc med d hop de Pans, S 3 22 740 (Oct 
13) 1905 Levi, E Nouv Icon 21 297 and 441, 1908 Levi, E, and Franchmi, 
G Nou\ Icon 22 449 (Feb 5) 1909 

Great Trochantei to Ground — ^Virchow 1885, loc cit Bnssaud, E, and 
Meige, H J de med et de chir pratique 66 49 (Jan 25) 1895 Hutchinson, 
W Am J M Sc 110 190 (Aug ) 1895 Papillault, G Bull et mem Soc 
d’anthrop, S 5 3 393 (May 1) 1902 Buday, K, and Jansco, N Deutsch Arch 
f klin Med 60 385 (Tune 16) 1898 Launois and Roy loc cit , 1902 1903 1904 
Huchard, H , and Launois, P E Bull et mem Soc med d hop de Pans, 
S 3 20 (Dec 11) 1903 Levi loc cit, 1908 Thibierge, G, and Gastmel, P 
Nouv Icon 22 442 (Feb 5) 1909 

Great Trochantei to Malleolus — ^Papillault loc cit, 1902 Wieting, J 
Deutsch med Wchnschr 29 371 (May 21) 1903 Huchard and Launois loc 
cit Duckworth, W L H J Anat & Physiol 41 30 (Oct ) 1906 Pel, P K 
Nouv Icon 19 76, 1906 Le\i 1908, 1909, loc cit 

Antenoi Supciioi Spine of Ilium to Giound — ^Fntsche and Klebs Klin u 
pathol anat Untersuchungen, Leipzig, 1884 Mane, P Nouv Icon 1 173, 1888 
Papillault 1902 loc cit Luschan 1903, loc cit Pel, P K Berl klin 
Wchnschr 42 25 (Oct 30) 1905 Levi 1908, loc cit 

Antenoi Supcttoi Spine of Ilium to Malleolus — Sainton, P Nouv Icon 
15 272, 1902 Hudovernig, C , and Popovits, U P Nouv Icon 16 181 (May- 
June) 1903 Traschio, G B Atti della soc romana di antropologia 9 95, 1903 
Iliac Cicst to Ground — ^Virchow 1885, loc cit Dana, C L J Nerv & 
Alent Dis 20 725 (No^ ) 1893 Hutchinson, W New York M J 67 452 
(March 12) 1898 

Top of Symphysis Pubis to Ground — ^Tandler, J, and Grosz, S Wien klin 
Wchnschr 21 277 (Feb 27) 1908, and Arch f Entwicklungsmechanik 27 35 
(Jan 12) 1909, and 30 Part II, 236 (June 14) 1910, and 29 290 (July 12) 1910 
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A. = stem-length, vertex to ischial tuberosities (Walker, Dreyer) 

Si = sitting-height (Pirquet) 

SPH = spherion, lowest point of internal malleolus (Wilder) 

SST = suprasternale, the middle of the suprasternal notch in the 
upper margin of the sternum (Wilder), called by others the jugulum, 
sternion, incisura sternahs 

SY = symphysion (Wilder), cephalad edge of middle of symphysis 
pubis 

TRO = trochanterion, a point of some uncertainty and never very 
precise It is defined as the highest point upon the trochanter major 
(Wilder) 

V = vertex (Wilder) 

In our own series of eighty healthy men, aged 18 to 71 years, 
mostly 20 to 35, the index 100 A — H ranged from 48 to 55 and averaged 
51 6 per cent The frequency of each index was as follows 
100 A/H = 48-49-50-51-52-53-54-55 
No = 3- 5-12-17-18-18- 5-2 = 80 

Normal Body Trunk Indices According to Different Authors’ 
Definitions and Observations 


Measurements 

1 

Author 

Material 

Percentage 

Range 

Average 

VSY - H 

Quetelet, 1871 

Belgians 

48 50 

49 


Gray and Walker, 1921 

U 8 

48-52 

50 


Davenport and Love, 1921 

U S soldiers 

49 9 50 7 

505 

(Sternoclavicular junction 

Timme, 1919 

U S 

1 

50 

to IS) — (IS to external 





malleolus) 





(SST to IS) - (SST to IS + 

Weisenburg and Patten, 1921 

u s 


50 

(IS to SPH) 

Krumhhaar, 1921 

u s 


50 

Si - H 

Priedenthal, 1913 

German 


49 


Davenport and Love, 1921 

D S soldiers 


52 6 


Baldwin, 1921 

U S children 





Age 6 


557 



Age 13 


52 0 


1 Gray, 1922 

D S children 




i 

Age 6, 7 


546 



Age 8 and 9 


521 



Age 10 and 11 


513 



Age 12 and 13 


51 1 

1 


Age 14, 15 and 16 

1 508 



Age 17 and 18 


50 0 

A — (X + TRO to sole) 

Draper, 1921 



50 

X - H 

Gray, 1922 | 

U S children j 

1 



1 

Age 6 and 7 ! 

1 

53 7 



Age 8 and 9 


516 



Age 10 and 11 


509 



Age 12 and 13 


500 



Age 14, 15 and 16 


491 



Age 17 and 18 

1 

49 0 


Gray, 1923 

U S adults 


51 6 

(H minus distance gluteal 

Davenport and Love, 1921 

U S soldiers 


58 3 

fold to SPH) - H 










498 


ARCHIVES OF INTERNAL MEDICINE 


THE STEM-STATURE INDEX AS A GAGE OF STAMINA 
IN VARSITY OARSMEN 

We have been interested in the belief credited to Ruschenberger of 
the U S Army by Hitchcock in 1893, that the length of the cerebro- 
spinal column may be more dependable than total stature in estimating 
physical vigor Ruschenberger conjectured that, as a rule, men of 
average height made up of a long trunk and comparatively short legs 
possess greater endurance for labor and exposure to vicissitudes of all 
kinds than men with comparatively long legs and short trunk 

In order to illuminate this question, we hit on the notion of measur- 
ing men of superior sturdiness, irrespective of mere strength or beauty 
of build Rowing men seem to us to fulfill this requirement Among 
our eighty normals, therefore, are included thirty-six oarsmen,^^ nearly 
all measured at the Harvard crew quarters at Red Top in June, 1921 
Their average index was 51 3, against 51 8 for the forty-four noncrew 
controls The difference, 0 50, seems insignificant However, such 
small differences are sometimes legitimately regarded as significant 
jwhen analyzed by the modern biometiic methods of Karl Pearson’s 
school Now then the probable errors, 0 1679 and 0 1655, for the 
respective means (ml and m2) just given can be substituted in the 
formula Pmim 2 = V(Prai)“ + (Pmz)^ finding the probable error 
of the difference (Pmima) fo be 0 236 Now the difference (ml-m2) 
of 0 50 IS only 2 1 times this, its probable error, and is, therefore, hardly 
significant In other words, stamina is apparently unrelated to a 
relatn ely long trunk It is still possible that a larger series might show 
a difference 2 5 times the probable error, in which case the conclusion 
would be permissible that a man rvith relatively long legs is more apt 
to be a fit oarsman than a man with a long trunk — contrary to our 
original notion 

SUMMARY 

The ratio of the stem-length (or the sitting-height) to the stature 
IS thought to be worth consideration by clinicians 

This stem-stature index and other torso-leg ratios are discussed with 
reference to skeletal anomalies in diseases of internal secretion 
This A H index is also tested as a possible measure of stamina 

32 The rem\a> 

21 Hitchcock E The Anthropometric Statistics of Amherst Coll , Quart 
Pub Am Statistical Assn 3 596 (Dec ) 1893 

22 For the measurements on the crew men I am tjreatly indebted to Dr 
George P Denny 



ALBUMINURIA ITS CLINICAL SIGNIFICANCE AS 
SHOWN BY CHEMICAL STUDY OF 
THE BLOOD’*' 

T HOMER COFFEN, MD 

PORTLAND, ORE 

Although many tests of kidney function have come into prominence 
and waned to insignificance, albuminuria has long been k simple 
criterion of abnormality But albuminuria is not a sure indication of 
damaged kidneys , for it may appear when these organs are normal, as 
in orthostatic albuminuria,^ or it may be absent in a wide spread 
degeneration of the kidneys, as in interstitial nephritis Furthermore, 
as will be pointed out in this paper, albuminuria may be excessive 
from passive congestion of the kidneys, the primary difficulty being 
m the heart When albuminuria is excessive and associated with 
oliguria and apparent uremia,^ as a late event m arterial hypertension, 
or m circulatory failure, it may cause much apprehension , on the other 
hand, the absence of albumin in the urine may give a false sense of 
security 

The nephroses of acute infection or resulting from focal infection, 
are associated with albuminuria,® more or less severe, the damage may 
be transient, fulminating or permanent ^ 

* Albuminuria as here referred to is associated with casts in varying abun- 
dance Albuminuria resulting from pyonephrosis or inflammatory conditions in 
the urinary tract are not considered, since their recognition is obvious 

1 One observer estimates the frequency of orthostatic albuminuria as high 
as 19 per cent m adolescents, many losing this tendency as they grow older 

2 Attention is directed to uremic symptoms resulting from cerebral edema, 
the latter being due to circulatory changes largely, and disappearing on adequate 
cardiac stimulation, as shown in a woman, aged 52, who had been stuporous 
and semicomatose for eight days with marked albuminuria and oliguria Lum- 
bar puncture showed increased pressure and a high urea content of the spinal 
fluid The removal of spinal fluid and stimulation for the dilated, uncompen- 
sated heart seemed to start recovery She was well for five years and died of 
intercurrent carcinoma of the stomach, during this period there was very 
little evidence of kidney involvement That edema of the brain may occur in 
uremia is stated by N B Foster (Uremia, J A M A 76 281 [Jan 29] 1921) 
as follows "In its greatest severity edema of the brain occurs in but one 
type of uremia, that type in which stupor and coma without convulsions, with- 
out psychic or motor disturbances, is the prominent nervous symptom" For 
a clear discussion of uremia, as modernly understood, and cerebral edema, the 
reader is referred to Foster’s paper 

3 George Baer and H Lande (Glomerulonephritis as a Complication of 
Subacute Streptococcus Endocarditis, J A M A 7S 789 [Sept 18] 1920) 
report twenty-seven cases of subacute streptococcus endocarditis in which nine 
patients died of uremia due to intercurrent glomerular nephritis or its sequel, 
chronic diffuse nephritis They found that scarlet fever, acute and chronic 
streptococcus angina and streptococcus endocarditis are frequently complicated 
by acute glomerular nephritis 

(Footnote 4 on next page) 
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Nonnephntic albuminuria,® including “physiologic,” “transient,” 
“functional,” “adolescent,” “intermittent” and the albuminuria in preg- 
nancy, etc , IS a large group comparatively easy of detection The differ- 
ence between physiologic and pathologic albuminuria is quantitative, 
not qualitative, and the term “albuminuria” implies that serum albumin 
IS present in the urine in such quantities that it can be detected by the 
not very delicate tests accepted as standard (as the heat and acid test) ® 

From the foregoing, it is readily seen that dependence on urinary 
findings alone leads to error Furthermore, as stated by McLester,"^ 
many persons show albumin and casts in the urine for years, without 
any other signs of nephritis, while at the same time, they demonstrate 
their ability to withstand, without injury, all kinds of fatigue and hard- 
ships Such people cannot be said to have nephritis He also points out 
that chronic nephritis can be divided sharply into two groups, (1) the 
type with edema, and (2) that without edema The latter is not a 
disease of the kidnej'^s alone, for in the resulting disturbed physiology, 
other organs, notably the heart and arteries, play an equally important 
part, and in the last analysis it is the efficiency of these other organs 
which determines, as a rule, the fate of the patient 

RENAL FUNCTION TESTS 

Discussion of albuminuria leads to a consideration of renal function 
In attempting to explain the albuminuria as seen in the cases cited below, 
various methods which have been used in the last decade were reviewed 

4 Ell Moschowitz (H 3 ’pertension , Its Significance, Relation to Arterio- 
sclerosis and Nephritis and Etiology, Am J M Sc 168 668 [Nov ] 1919) is 
of the opinion that gross injury of the kidney parenchyma perhaps plays the 
greatest role in albuminuria of the acute infections, but that it (injury of the 
parenchyma) is not a factor of much importance m albuminuria associated 
uitli hypertension and also points out (ibid p 684) that albuminuria is not 
necessarily the result of injury (even profound) of the kidney and that badh 
diseased kidneys may show no albuminuria 

5 R L M Wallis (Nonnephntic Albuminuria, Proc Roy Soc Lond 
Sect Med 13 96, 1920), in discussing proteinuria not due to organic disease 
of the kidney, including physiologic, transient and intermittent albuminuria, 
and a group he designates as “leaky kidnei's,” points out that all ordinary tests 
for albumin are for serum albumin In the group under discussion, the chem- 
ical examination of the blood shows no retention Physiologic albuminuria is 
the result of serum albumin leaking through the kidneys, with excessn e amounts 
of urinary constituents (after exercise, cold baths, alimentary causes, etc ) 
In functional albuminuria there is no relation to food or exercise as seen in 
adolescent, cjclic and postural albuminuria A third group of “leaky kidnejs” 
IS a long standing proteinuria, and there is no evidence of kidney disease, or 
if present, it is not progressne The chief protein in nonnephntic albu- 
minuria IS cnglobulin associated with lipoids 

6 Emerson Clinical Diagnosis, J B Lippmcott, 1921, p 224 

7 McLester, T S Treatment of Chronic Nephritis Without Edema, T A 
M A 77 88 (Tulv 9) 1921 
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and used to some extent Methods using the urine alone as the object 
of examination were found to be disappointing, the chemical examina- 
tions of the blood along with a renal test diet being found most valu- 
able in detei mining the state of kidney function 

Normal renal function depends so largely on the volume of blood 
passing through the kidneys, that they respond readily to blood flow and 
blood pressure These organs differ from all other secreting glands in 
their intimate relation to the general circulation , a rise in blood pressure 
IS accompanied by an increase in urine flow unless there is a simul- 
taneous vasoconstriction in the kidneys , and a fall in blood pressure is 
followed in general by decreased urine flow unless the renal vessels 
are dilated The determining factor is the capillary pressure in the 
glomerulus — not the general vascular pressure 

The modern view of secretion of the urine accepts Ludwig’s ® scheme 
of filtration through the capsules and the “vital secretion” of Heiden- 
ham Filtration is purely physical , reabsorption m the tubule requires 
a healthy cell The function of the kidney is the filtration of non- 
colloidal constituents of the blood through the glomerulus and absorp- 
tion of this fluid through the tubule cells , the capsule furnishes fluid as 
it IS the circulation and the tubule returns to the blood the fluid best 
adapted to the tissues,*’ allowing the rest to escape in the urine 

Albuminuria may be produced experimentally by interrupting the 
blood supply by compressing vein, artery or ureter If the artery is 
clamped for thirty seconds, secretion stops completely and is reinstated 
after an hour or so, the urine contains abundant protein at first and 
ultimately resumes its normal character This is due to alteration in 
the permeability of the capsule by asphyxia so that it permits the passage 
of the proteins of the blood 

Since the urine is the excretory product of renal activity, estimation 
of renal function has been attempted through urine tests Estimation 
of urinary nitrogen, chlorids, diastase, urea, uric acid, the power of the 
kidney to eliminate foreign substances, cryoscopy, its electrical conduc- 
tivity, experimental polyuria, etc , have been disappointing, for the 
elimination of urine is complicated, depending on many factors beyond 

8 Cushny, A R The Secretion of the Urine, London and New York, 
Longmans, Giecn and Co, 1917, p 101 

9 Cushny, A R The Secretion of the Urine, New York, Longmans, Green 
& Co , 1917, p 47 

10 According to Cushny, casts are chiefly composed of albumin passing 
through the kidney capsule, enriched by the detritus of degenerating tubule 
cells, but Christian (Am J M Sc 161 625 [May] 1916) thinks thej originate 
from degenerated epithelium, the granular being young and the hyaline older 
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accurate control, such as the state of circulation, food and fluid intake, 
and ps} chic and nervous conditions 

Following the work of Schlayer and others who attempted chnic- 
all} to classify nephritis as tubular, glomerular and vascular (through 
the readiness with which water and lactose pass through the glomeruli, 
and potassium iodide and sodium chloride through the tubules'), many 
attempts were made to make clinical and histologic nephritis conform 
These have failed to give adequate information, and even Ambard’s 
coefficient (the relation between urinary and blood urea) is unsatis- 
factory because of these variable factors jn urine elimination Further, 
the disease process in the kidney is rarely confined to one structure, 
but IS diffuse 

The excretion of dyes (methylene blue, indigocarmine, phenol- 
sulphonephthalein, etc ), offers a simple clinical method of estimating 
renal activity, but here again one must bear m mind the many factors 
concerned in their elimination, and that prostatic obstruction or pas- 
sive hyperemia of the kidneys may produce a low' excretion of these 
substances 


11 The readiness with which the kidneys eliminate an excess of any urinary 
constituents is utilized in giving urea, 15 gm , while the diet is kept fairly 
constant and the rate and amount of excretion is measured as described 
bj Addis, McCaskey, McLean and De Wesselow Recently Weiss (Weiss, E 
The Urea Concentration Test for Kidney Function, J A M A 76 298 [Jan 29] 
1921) has added to this the estimation of the blood urea nitrogen with a review 
of the literature Uric acid has been used in the same way by Upham and 
Higley and Magath More recently T L Squier and L H Newburgh (Renal 
Irritation in Man from High Protein Diet, Arch Int Med 28 1 [July] 1921) 
have used high protein diets, attempting to obtain evidence in hypertension 
cases of disturbed kidney function by throwing an extra load on the kidneys 
This w'as followed by albuminuria and casts and the presence of red corpuscles 
in the urine There was no effect on blood pressure 

12 Hedmger and Schlayer Deutsch Arch f klm Med 114 120, 1914 

13 Thayer, W S , and Snowden, R R Comparison of the Results of the 
Phenolsulphonephthalein Test of Renal Function with the Anatomic Changes 
Obsen'ed in the Kidneys at Necropsy, Am J M Sc 148 781 (Dec ) 1914 

J H Agnew (A Comparative Study of Phthalem and Incoagulable Nitrogen 
of the Blood m Cardiorenal Disease, Arch Int Med 13 485 [March] 1914) 
stated that when phenolsulphonephthalein was below 40 per cent the blood 
nitrogen was definitely increased 

Rowntree and his co-workers (Rowntree, L G, Marshall, E K, and 
Baetjer, W A Further Studies of Renal Function in Renal, Cardiorenal and 
Cardiac Diseases, Arch Int Med 15 543 [April] 1915) studied diastase, 
phenolsulphonephthalein, cr 3 0 scopy, total nitrogen and urea of the blood, finding 
diastase low in mild and severe nephritis In cardiac and cardiorenal cases the 
findings w ere bizarre , phenolsulphonephthalein w'as then thought by them to be 
the test of choice, but “whenever phenolsulphonephthalein is decreased, even 
slightlv, the total N or blood urea, or both, should be determined” 
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Renal test diets as suggested by v Monakow m 1911, Hedinger and 
Schlayer m 1914 and as modified by Mosenthal,^^ Christian, O’Hare 
and others offer simple clinical means of estimating renal function 
through measunng the concentrating power of the kidney 

Mosenthal has now modified his former method based on the 
observations of Hedinger and Schlayer in 1914, using an Amencan 
standard diet and only one day of measured diet, covering the period 
of urine collections It is applicable to the ambulatory patients and 
allows usual food and routine The urine is collected at two hour 
intervals, only one direction being insisted on, that the night urine 
be collected at a time beginning three hours after supper and no sooner 
Normal renal activity is characterized by variations in specific 
gravity up to 1 020 in the two hour test A high fixed gravity may be 

TABLE 1 — Renal Test Diet Showing Variations in Urine Output, 
Specific Gravity, Nitrogen and Chlorids in Normal (N) and Nephritic 
(neph) Urines (After Mosenthal) 


Renal Test Diet 

/ ^ " ■ ^ 

Amount, C c Specific Gravity Sodium Chlond, Gm Nitrogen, Gm 

r — \ f ■ — ■ — A _ . ^ I -.1 A, I. I ^ 

Hour Normal Nephritic Normal Nephritic Normal Nephritic Normal Nephritic 


S-IO 

316 

102 

1006 

1017 





10-12 

128 

90 

1014 

1020 





12- 2 

120 

98 

1017 

1020 





2- 4 

122 

118 

1020 

1021 





4- 6 

‘TC 

88 

1022 

1020 





&- 8 

100 

390 

1027 

1006 





Total day 

801 

886 



6 71 

386 

680 

4 62 

Total night 

248 

1,280 

1025 

1010 

1 71 

6 26 

8 05 

4 86 

Total 24 hours 

1,109 

2,106 



8 42 

1012 

9 85 

9 48 

Intake 

1,760 

1,760 



8 50 

8 50 

13 40 

13 40 

Balance 

+650 

—406 



+0 08 

—1 62 

+3 55 

+3 92 


seen in normal persons because they take too little fluid, or may occur 
m disease charactenzed by edema and oliguria, as myocardial insuffi- 
ciency, acute or chronic nephritis A low fixed gravity is found in 
chronic nephritis, diabetes insipidus, marked anemia, the elimination of 
edema, pyelitis, polycystic kidney, postatic hypertrophy, etc Such 
patients do well as long as polyuna compensates for the lack of power 
to concentrate The normal total quantity should be 400 c c less than 
the intake and 750 cc or less is secreted at night, a larger amount 
may indicate that the kidney is putting forth a greater effort than it 

14 Mosenthal, H O Renal Function as Measured by the Elimination of 
Fluids, Salt and Nitrogen, and the Specific Gravity of the Urine, Arch Int 
Med 16 733 (Dec) 1915, ibid 22-770 (Dec) 1918 

15 Christian, H Some Phases of the Nephritis Problem, Am J M Sc 
151-625 (May) 1916 Tests for Measurements of Renal Efficiency in Relation 
to Prognosis in Nephritis, Penn M J 21 233 (Jan ) 1918 

16 O’Hare, J P Renal Function in Vascular Hypertension, Boston M & 
S J 132-345 (April) 1920 
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normally should This o\erstrain may cause damage if continued 
indefinitely In passive congestion water and salt are diminished while 
the nitrogen remains approximately normal In the contracted kidney 
nitrogen and salt are retained Hypertensive nephritis is characterized 
by nocturnal pol}uria, a tendency to total polyuria, fixation of specific 
gravity, fixation of two hourly quantity and retention of salt and 
nitrogen (Table 1) 

Another avenue of approach in the estimation of renal function is 
the chemical examination of the blood for retention of substances 
normally excreted by the kidneys, particularly urea, uric acid, and 
creatinin Blood sugar may also be increased in interstitial nephritis 
Since creatinin is readily excreted through the kidneys, urea less 
readily and uric acid least readily, it was shown by Meyers and Killian 

TABLE 2 — The Blood in Nephritic and Cardiac Albuminuria Showing 
Normal Values for Nonprotein Nitrogen, Urea, Uric Actd, Creatinin 
AND Sugar as Compared with Findings in Passive Renal Congestion 
or Nephritis as Shown by Gettler, Gradwohl, Meyers and Fine 



Nonprotcin Urea 
Nitrogen, Nitrogen, 

Great 

inin. 

Drc 

Acid, 

Sugar, 


Mg 

Mg 

Mg 

Mg 

Mg 

Normal 

2i>-40 

10- 15 

1-2 

1-3 

0 08-0 n 

Gcttlcr 

Nephritis fGOO cases) 

40-460 

20-275 

2-42 

3-17 

0 075-0 375 

Cardiac (330 cases) 

85-220 

18-lSO 

15-12 

2 5-7 

0 07 -0135 

Gradwohl 

Ncpliritl'! (4 cases) 


21-lOS 

2 15-4 48 

5 0-9 8 

0 09 -0 188 

Cardiac (4 cases) 


11- 16 

0 9-2 

2 4-3 3 

0 096-0 155 

Mejers and Tine 

Chronic nephritis 

30- 80 

15- 50 

1- 3 

1- 4 


brcmic nephritis 

120-350 

80-300 

4-34 

4-15 

010-0 20 


that a marked retention of blood creatinin is of serious prognostic 
import Upham and Higley and Magath and others fed uric acid 
as a test of renal insufficiency 

17 So much work has been done in this line in the last decade that it is 
Iiardh necessary to refer to the investigations of Folin and Dennis, Benedict 
and Levis, Mevers and Fine and Christian and others who have opened the 
va\ for the clinical application of experimental physiologic chemistry 

18 J R Williams and E M Humphreys studied fifty cases of cardiorenal 
disease, finding the blood sugar varying from 0 06 to 025 per cent, and vary- 
ing directl} vith the severity of the disease (The Clinical Significance of 
Blood Sugar in Nephritis and Other Diseases, Arch Int Med 22 537 [May] 
1919 ) Thej quote Hopkins, who in 1915 studied twenty-six cases of nephritis, 
finding the blood sugar normal in only five, also Meyers and Bailey, who in 
1916 studied cle\en cases, finding blood sugar from 010 to 020 per cent 

19 Meyers V C , and Killian, J A The Prognostic Value of Creatinin 
of the Blood in Nephritis, Am J M Sc 157 674 (May) 1919 Mejers, V C, 
and Lough, W G The Creatinin of the Blood in Nephritis Its Diagnostic 
Value, Arch Int Med 16 536 (Oct ) 1915 

20 Upham, R , and Higley, H A Studj of Renal Concentration Power 
for Uric Acid in Earb Chronic Interstitial Nephritis, Arch Int Med 22 537 
(Sept) 1920 

21 Magath T B A Test for Renal Insufficiencj, J Lab &. Clin Med 
6 463 (Ma>) 1921 
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While diseased kidneys interfere with the excretion of these sub- 
stances, causing them to be retained m the body,-^ passive renal conges- 
tion does not do so, as shown m the accompanying tables and case 
reports, and as pointed out by Gradwohl and Powell Chnstian,^^ 
Williams-^ and otheis (Table 2) 

From the foregoing consideration of various renal function tests, 
it will be seen that groping, tedious effort and painstaking accumulation 
of laboiator};^ data have at least given a clearer conception of the 
difficulties 111 establishing any one test for kidney efficiency While 
'' most of the older methods of examination of the urine have been given 
up for reasons already cited, albumin and casts are easily found by any 
one, and immediately arouse suspicion of disturbed renal activity, they 
give a clue also as to the degree of this disturbance, but hardly of the 
extent of damage 

One IS often surprised to find that patients who at first suggest 
the “cardionephritis syndrome” are suffering more from circulatory 
weakness than nephritis, for oliguria, edema, excessive albuminuria, and 
even apparent nuld uremia improve rvith improved circulation Again, 
patients with arterial hypertension show “nephritic” symptoms from 
time to time, which are due to myocardial weakness 

In considering the cases studied from the standpoint of albuminuria 
the following table is submitted for the differentiation of primary (or 
renal) from secondary (or extrarenal) albuminuria 

1 P} unary — With definite evidence of renal insufficiency and 
probable permanent damage (nephritis) 

2 Sccondaiy — Due to extrarenal factors (c) Nonnephritic albu- 
minuria (physiologic, adolescent, functional, etc ), (b) in cardiac 

22 That nitrogen is not retained exclusively in the blood is shown by N B 
Foster (The Increased Extract Nitrogen in the Tissues, with Chronic Nephritis, 
Arch Int Med 24 242 [Aug 1 1919) 

23 Gradwohl, R B , and Powell, C The Usefulness of Blood Chemistry 
Methods in the Diffeiential Diagnosis and Cardiac and Renal Diseases, Southern 
M J 11 335 (May) 1918 

24 Christian, H A The Use of Renal Function Tests in Cases of Nephritis, 
J Urol 1 319 (June) 1917 

25 Williams, J L The Total Nonprotein Nitrogen Constituents of the 
Blood in Chronic Nephritis with Hypertension, Arch Int Med 28 426 (Oct ) 
1921 Williams found that in hypertension and uremia the nonprotein nitrogen 
was increased and phenolsulphonephthalein excretion decreased Cardiac insuf- 
ficiency without nephritis is associated with moderate retention of nonprotem 
substances of the blood, especially of uric acid He says the presence of albumin 
and casts do not necessarily suggest nephritis but that improvement in the cir- 
culation IS accompanied by decrease in nitrogenous extract in the blood, 
especially of uric acid 

26 C P Emerson (The Acute Element in the Nephropathies, JAMA 
77 745 [Sept 3] 1921) considers that nephritis, when well established, is not 
a chronic process but due to repeated acute attacks In the albuminuria due 
to extrarenal factois, especially from passive congestion, it is conceivable that 
permanent damage ma> result from repeated attacks 
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decompensation -with resultant passive congestion (oliguria, edema, 
uremic symptoms) 

1 With valvular lesions (rheumatic, syphilitic, or sclerotic), with 
m3focardial weakness and dilatation 

2 Resulting from long continued vascular hypertension and final 
cardiac breakdown 

DISCUSSION or CLINICAL GROUPS 
In studying the results of functional tests, and especially of blood 
chemistry in patients having albuminuria, those with vascular hyper- 
tension form one group, and the others have been studied as a 
miscellaneous group In the former, the following points stand out 
(1) these patients at sometime or other show “cardionephntic” symp- 
toms It will be seen that albuminuria varies greatly in the same 
patient, as do other evidences of renal embarrassment, and that there 
IS often a definite relationship between cardiac breakdown and the 
nephritic symptoms (Table 3) (2) The predominating symptoms in 

hjpertension express themselves as (a) cerebral, (&) cardiac, or (c) 
nephritic, appearing singly, or jointly (3) In these patients, the 
chemical examination of the blood was of diagnostic value 

Some of the hypertension cases have been seen more or less regularly 
o\er a period of years (from five to eight) Since making chemical 
examinations of the blood one has the impression of assurance of 
the true state of the kidneys which formerly was doubtful 

Uric acid values have been high in some cases, as in 17 K (5 75), 
21 J L (5 75, 6 25 and 6 7) and 85 H (4 1), but at such times there 
was no paiticular change in the patient’s general condition 

The alkali reser\e was estimated in seven instances and was not of 
any particular help in the care of the patients 

Blood sugar w'as not high, as a rule Case 29 H showed 0 204 in 
September, 1919, but there was no glycosuria, while Cases 45 F (0 12) 
17 K (0142 and 0125) and 14 W (014) show^ed higher values than 
normal 

REPORT or CASES 

Hypcrtcwiwn Casa xvitJi Albaimnurm {Table 3) — The follownng 
cases illustrate the points that have already been made , some are given 
at considerable length because they are typical of recurring albuminuria 
secondarj' to cardiac decompensation and resultant static changes 
(passu e congestion) in the kidneys 

27 Ml chemical methods were standard and done with the helpful advice 
of Professor Haskins of the Medical Department of the Unuersih of Oregon 
Blood was obtained in the morning, the patient fasting 

27a Measurements of enlarged heart are to left of midclavicular line 
Quantitatnc albumin is in parts per thousand bv Esbach’s method 



TABLE 3 — Hypertension Group Showing Increase in Albuminuria Oeten CoiNaocNT with Increased Cardiac Embarrassment 
Cardiac Symptoms Were Dyspnea, Rapid Pulse, Increased Heart Borders, Cyanosis, Enlarged Liver, Edema, Etc Cerebral 
Symptoms Varied from Mental Confusion, Headache, Sclerotic Retinal Vessels, Aphasia or Cerebral Hemorrhage Nephritic 
Symptoms Were Oliguria, Marked Albuminuria and Casts. Edema, Uremia Symptoms 
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Casl 1 {AS) —History-—] T, aged 51, seen April 12 1921, complained of 
increasing dyspnea and recent orthopnea He had been aware of some short- 
ness ot breath since a severe attack lasting several hours three years ago, when 
he ran up a long flight of stairs For six weeks it had been more trouble- 
some, so that he could onlj i\alk two blocks when he had to stop and rest and 
for three weeks he had been unable to he flat in bed, requiring three or four 
pillows He had no digestne symptoms, edema or cough He had not given up 
his business, which was mostlj sedentary 

Examination — Moderate cyanosis, dilated heart (left border 5 cm to the left, 
in the sixth space) with moderate systolic murmur at apex, transmitted to 
axilla, and a softer sjstolic murmur at the base was noted There was moderate 
respirator} effort Blood pressure, 210/135 , pulse regular Urine passed in the 
office showed excessne albumin, and many hyaline, fine and coarse granular and 
cellular casts, no blood 

The picture was that of a cardiac breakdown assumed to be secondary to 
Inpertension of some duration The urine suggested nephritis and further study 
ricatnunt — He was put to bed, given digitalis in sufficient dosage, and when 
seen two da 3 s later he w’as breathing easier and passing sufficient urine and 
there was but a trace of albumin The chemical examination of the blood is 
shown in Table 4, revealing practicallj normal values From this and the gen- 
eral picture. It was assumed that the kidneys, while in all probability the seat 
of interstitial change, w'ere embarrassed from insufficient circulation (chronic 
passu e congestion) 


TABLE 4 — Results of Examination of Blood of J F (Case 1) 



Blood 


Uric 

Great 


Specific 



1) lU 

Pre'sure 

Lrca 

Acid 

mm 

Sugar 

Gravity 

Albumin 

Casts 

tpril 12 

210/133 





1 016 

Excessive 

Many 

tpril 11 

205/130 

15 

217 

1 4 

012 

1 010 

Trace 

Pew 

Min 20 

190/135 

14 

2 02 

1 17 

Oil 

1010 

Trace 

Few 

IHc It 

10 1/130 

Ifl 

3 12 

0 

010 

1 012 

Excessive 

Many 


Couixc — The course of the disease seemed to bear this out for after six 
weeks of general supervision, he had less dvspnea, the heart borders were nearer 
normal, and he w’as able to walk eight blocks without distress He had required 
trequent courses of digitalis for recurrent cardiac embarrassment During these 
recurrences albumin increased 

In the next five months he was up, and spending some time at the seashore, 
but with slight unusual effort cardiac symptoms recurred, always attended with 
increase in the evidences of renal embarrassment, but controlled by rest and 
digitalis \t one time, the heart dilated to the anterior axillary line the liver 
became enlarged and tender, and slight edema appeared at the ankles Decem- 
ber 18 he was again seen in decompensation, the left border of the heart being 
in the anterior axillarv line, the apical murmur loud, and the liver swollen and 
undoubtedh pulsating He was given digitalis to nausea, the pulse rate dropped 
to 40 per minute, and the pulse became bigeminal, improving gradually on with- 
drawal of the drug and without the use of atropin, polygrams showed heart 
block The electrocardiograph was not available then The urine was much 
decreased in amount, contained excessive albumin (3 5 gm per liter in twenty- 
four hours’ urine), and there were numerous casts, indican was excessive, and 
urobilin moderate He was definitel} jaundiced, and the liver was four and 
oiie-hali finger breadths below the costal margin 

The course was steadilv downward from this time to February 4, when he 
was mentallj confused and so drowsv that he fell asleep while being examined 
There was marked cardiac dilatation with djspnea and Chevne-Stokes respira- 
tion, anasarca enlarged liver The urine had cleared up considerably, there 
being a moderate trace oi alliumin and a moderate number of casts of all kinds 
He died two davs later 





COFFEN—ALB UMIN URIA 


509 


Comment — This is primarily a case of heart disease throughout the 
clinical course of nine months, with recurring nephritic S}mptoms, the 
latter cleared up with cardiac improvement At no time until a few 
days before death did a suggestion of uremia (drowsiness, mental con- 
fusion) appear, these symptoms were assumed to he due to cerebral 
edema, since the urine output was sufhcient and albumin and casts had 
decreased The patient died of heart failure There were never 
evidences of other cerebral insults 

Albuminuria in this case seemed directly associated with cardiac 
weakness, there were no evidences of retention in the blood While 
albumin decreased on the second day after rest and digitalis had been 
instituted, the practically normal blood values gave a sense of security 
as to serious damage in the kidneys, and later observations bore this out 

Case 2 (81) — Hisfoty — C S, aged 58, a farmer, complained of shortness of 
breath for over a 3 ear, dating back to six years before when he overworked 
and was laid up with his heart for a month The amount of twenty-four hour 
urine, he said, was about 1 quart He was under a physician’s care three 
months before, when after a few weeks in bed, he was so much better that 


TABLE 5 — Results of Examination of the Blood of C S (Case 2) 



Blood 


Uric 

Great- 


Specific 



Date 

Pressure 

Urea 

Acid 

iniD 

Sugar 

Gravity 

Albumin 

Casts 

June 25 

155/125 





1020 

Excessive 

Excessive 

June 28 

160/125 

15 

2 Vs 

19 

0 089 

1010 

Trace 

Pew 

Sept 

180/140 

12 5 

1 25 

22 

0 083 

1018 

Moderate 

Moderate 


he was able to take up light work on the farm He had had increasing dif- 
ficulty with breathing, and much swelling of the legs for two weeks 

Erammation — Slightly cyanotic, considerable respiratory effort The heart 
was 6 5 cm to the left of the midclavicular line m the sixth space, the sounds 
were distant, due to some emphysema , there were no murmurs , blood pressure 
155/125 The arteries were considerably thickened The legs were markedly 
edematous, the swelling extending to the abdomen, and there was some ascites 
Urine (office specimen) showed excessive albumin, excessive hyaline, large and 
small granular and few cellular casts, no urobilin 

Treatment — He was put to bed, diet restricted, and given sufficient digitalis 
He had much nausea and vomiting for three days The urine on the fourth 
day showed specific gravity, 1010, trace of albumin, no casts found The 
heart was compensating well, and with very httle distress , there was but a 
faint trace of albumin, and no casts Blood pressure, 170/90, pulse, regular, 
heart borders, 3 5 cm to left of midclavicular line in fifth space 

Cowse — Two weeks later there was some return of dyspnea and edema, and, 
after ten days of rest and occasional use of digitalis, he was up and about and 
steadily improving Two months later, he had a cerebral hemorrhage with 
paralysis in the right arm and face Blood pressure was then 180/140 Urine 
showed moderate albumin, moderate granular, and few cellular casts He died 
in coma two days later Result of chemical examination of the blood is shown 
in Table 5 

Comment — Cardiac symptoms predominated until two days before 
death, when there was a cerebral hemorrhage At first nephritic symp- 
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toms were prominent, but there was no particular blood retention and 
these symptoms impro\ed with cardiac compensation 

Case 3 (SO) —Htstoiy—'i C, aged 50, seen first March 26, 1920, complained 
of occipital headaches for two weeks, which awakened him in the early morn- 
ing Headaches formerly were occasional, but for the last few days had been 
constant and severe For years he had been a hard worker in a responsible 
position as manager in a large paper mill 

Exammation — Blood pressure was 225/150 The brachials were moderately 
thickened , the heart was moderately dilated, but there was no edema or cyanosis 
The urine showed a definite trace of albumin, with few casts There were some 
infected teeth 

Treatment — Two weeks later, on restricted diet and rest, his blood pressure 
was 180/120, and the urine showed a faint trace of albumin, the headaches were 
less, and he was generally better June 11 blood chemistry showed urea, 10, 
creatmm, 2, uric acid, 2 92, sugar, 0 08 The urine showed definite trace of 
'ilbumm, specific gravity, 1 018, and a few' granular casts 

Course — August 13 he had sudden dimness of vision of left eye, which was 
due to edema of the retina His blood pressure was then 250/150, and remained 
high in spite of bed rest, diaphoresis, catharsis, etc September 7, he complained 
of more headache and was having some anginoid pain m the precordium In 
the next six weeks he improved considerably, and left for New York on a 
business trip where he developed acute pulmonary edema He was seen by 
Dr Frank Meara After a time he went to Boston, and was seen by Dr Locke, 
because he was having shortness of breath, and some edema of the ankles 

His course w'as gradually downward from this time on, and he died in June, 
1921, of cardne decompensation 

Comment — The symptoms m this case of arterial hypertension were 
primarily cerebral, and later cardiac During the period of cardiac 
embai rassment, there was an increase in albuminuria At no time were 
nephritic symptoms predominant The blood chemistry did not indicate 
retention 

Case 4 (71) — History — G, aged 74, seen first June 12, 1920, complained of 
di77y spells and weakness 

Erammatwn—Somc respiratory effort, marked arteriosclerosis The left 
border of the heart was 4 cm to left of the midchvicular line, m the sixth 
space, with showers of small rales at bases posteriorly The urine showed 
02 per cent albumin, with manj fine granular and rare cellular casts Blood 
pressure, 185/105 

Course— He made marked impro\emcnt on rest and digitalis, so that, within 
a month, the albumin decreased to a ver\ faint trace There were only a few 
fine granular casts Blood chemistry, June 14 urea, 13 5, uric acid, 2 5, 
crcatinin, 133, sugar, 0 083 

Casf 5 (6) —Htstoi y—J , aged 59, seen first Maj 12, 1920, had slight 
djspnca on effort, flatulence, some mental confusion and amnesia 

Esammation— This revealed Heart 2 5 cm to left of midclavicular line, in 
fifth space, soft, blowing, sjstolic murmur at apex No marked evidences of 
cardne embarrassment Arteriosclerosis moderate Blood pressure, 240/125 
Ma\ 12 blood showed urea, 11, crcatinin, 1 16, sugar, 0 09 Urine showed a 
trace of albumin and a few granular ancl In aline casts 

Coursi —\t present, two jears after first seen, he is up and about, showing 
progressne mental confusion 
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Case 6 (17) — Hxsto.y — Mrs K, seen first Aug 31, 1916, aged 65, had had 
several fainting attacks, especially while straining at stool 

Examination — Blood pressure, 280/150 Cerebral symptoms predominated, 
and increased gradually The urine showed definite trace of albumin, and 
moderate casts, and the heart never gave any particular concern In August, 
1919, she had a partial aphasia, mental dulness and amnesia Her blood pres- 
sure was then 225/138 Blood urea, 25 5 , creatmin, 2 and sugar 0 142 The 
urine showed no increase m albumin and casts 

Course — In January, 1920, she had lobular pneumonia when albumin and 
casts increased in the urine, and the heart became dilated Blood chemistry 
at this time showed uric acid, 2 37 , creatmin, 1 17 The blood pressure was 
240/135 Her heart gave no difficulty but she was more aphasic and amnesic 
Blood urea was then 30 5, uric acid, 5 75, creatmin, 19 and sugar 011 The 
alkali reserve was 70 

The fundi, at no time, have shown hemorrhage 

Comment — This patient has had predomipating cerebral symptoms 
since 1914, is ambulatory, and has never, except during pneumonia, 
shown cardiac embarrassment or nephritic symptoms The condition 
has been attributed to cerebial arteriosclerosis rather than to chronic 
uremia 

Case 7 (21) — History — J L, was seen first April 19, 1914, aged 69, com- 
plaining of persistent headaches, and his physician had told him he had kidney 
trouble 

Examination — He was then a sturdy appearing, well built man with ruddy 
face and a tendency to cyanosis His blood pressure was 205/130 Heart bor- 
ders slightly increased, and some crepitant rales at the bases of both lungs 
Urine showed definite albumin, and many, fine, granular casts He was men- 
tally alert and normal Peripheral arteries were moderately thickened 

Cowse — Up to May, 1919, he was seen at intervals, and much improved, with 
albumin appearing in faint traces or absent At that time, he had an acute 
cardiac breakdown with much albumin and many casts, gradually improving 
during the summer In September, his blood urea was 27, creatmin 4 and 
sugar 10 To August, 1921, he gradually showed mental confusion, some 
amnesia, and general feebleness, though he was able to be up and about, and 
cardiac and nephritis symptoms were not prominent He then had another 
cardiac breakdown following obstinate constipation The blood showed high 
uric acid values in May and December, 1920, and August, 1921, and in September, 
1919, creatmin was high (4 mg), but in August, 1921, it had dropped to 1 9 All 
this time his diet had been practically constant and restricted 

Comment — This man has been seen more or less regularly for 
eight years His long continued hypertension has resulted in decreasing 
cardiac strength On several occasions of heart decompensation, 
albumin and casts have appeared, disappearing with improved circula- 
tion The kidneys have given no other cause of concern, though for 
nine months the urine has shown definite traces of albumin, and a few 
or moderate hyaline, granular or cellular casts 

Case 8 (29) — Histoiy — H, aged 51, was seen Sept 28, 1919 complaining of 
shortness of breath and swelling of legs, for two months Was passing less 
than a quart of urine daily Digestion was normal Recurring sjmptoms for 
one and one-half years 
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Eiaiiiinaito/i—He showed moderate cyanosis and marked dyspnea, with heart 
dilated to anterior axillarj line and regular, systolic murmur at apex Blood pres- 
sure, 195/125 Urine specific graeitj, 1012, albumin, 0 35 per cent, many 
Jnahne and granular casts, and few cellular casts Blood urea, 13 5, 
creatinm, 0 08 

Cotiifc — Under treatment the symptoms improved somewhat, though the 
heart remained dilated, and albumin and casts persisted The edema decreased 
October 21 the blood urea w’as 32 5 , creatinm, 3 03, and sugar 0 0204 Urine 
showed more albumin (0 4 per cent) and many hyaline, granular and cellular 
casts He was then lost sight of, but died a few weeks later 

Coinmoif — This patient’s symptoms were predominatingly cardiac, 
with obstinate renal embarrassment The high sugar content of the 
blood IS noteworthy though glycosuria did not appear 

C\SE 9 (85) — Historv — H, aged 50, was a tjpical “cardionephntic ” 

Eravitnahon — When admitted to the clinic his blood pressure was 195/120, 
orthopnea, slight edema, oliguria, and marked albuminuria were present, with 
heart dilated and decompensated His course was steadily downward for six 
months, although for a time he improved under cardiac stimulation, rest and 
limited diet 

Coulee — Julj 3, SIX months after he was first seen, he again presented him- 
self, with marked edema, cyanosis, dilated heart with auricular fibrillation His 
blood at that time show'ed urea, 17 5, uric acid, 4 1, creatinm, 2, sugar, 011 
The alkali reserve w'as 77 There w'as marked oliguria, excessive albumin 
and casts July 10 urea w'as 15, uric acid 325, creatinm, 15, sugar, 0 083 
Mkali reserve was 65 He died of heart failure a few weeks later 

Case 10 (36) — History — G, aged 69, complained of dyspnea and orthopnea, 
considerable cough and flatulence 

Eiamiiiahou — Blood pressure, 185/105 Arteriosclerosis was marked, the 
heart was dilated 5 cm to the left of midclavicular line and showed auricular 
fibrillation Urine contained albumin, 01 per cent The blood showed urea, 22, 
creatinm, 1 95 , sugar 0 07 

Course — In the next two weeks there was some improvement, but he died 
suddenlv Necropsy show’cd marked myocarditis 

C\SE 11 (20) — Hisloiy — H, aged 69, when first seen was semicomatose For 
two months he had headaches on awaking, but for one week past was weak 
and had severe headaches, anorexia and aomited the day before 

Exammatwn — Blood pressure, 225/125, urine much decreased and showing 
cxcessne albumin (0 35 per cent ) , many casts of all kinds 

Course — That night he had three convulsions on the left side of the body, 
but, when seen the next daj, was not paraljzed Blood pressure had fallen 
to 160/118 with pulse regular but weaker and the heart moderately dilated The 
blood next daa, showed extremely high aalues, as follow'S Urea, 99, creatinm, 
74, sugar, 0 96 He died that night 

Comment — This was evidentl> a case of hypertension of some dura- 
tion seen near the termination of the disease when cerebral symptoms 
predominated The high blood values showed serious retention His 
heart, when first seen was fairly compensating The clinical picture 
then suggested cerebral edema or uremia 

Another case of cerebral edema simulating uremia or “cardio- 
nephritis” is the folowmg 



TABLE 6 — Miscexlaneous Group, Showing Normal Blood Values in Two Cases of Orthostatic Albuminuria, Marked Albuminuria in 
Cardiac Decompensation Which Cleared Up with Improved Circulation The Very High Values in the Case of Bichlorid 
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Case 12— Man aged 52, admitted to county hospital with some 
mental confusion and complaining of shortness of breath, cough and bloody 
sputum, ^\as taken sick the da^ before He had had heart trouble for about 
fire months saring that he got it b 3 ' trj'ing to save someone from drowning He 
had swelling of the ankles for four or five jears Difficult to get history because 
of mental confusion 

Eramination — Much edema of the face and legs The pupils were equal and 
reacted normallj to light and accommodation The heart area was increased, 
being about 2 cm outside the left nipple line The heart was irregular in 
force and rhjthm and there was pulse deficit The first sound at the apex was 
replaced bv a blowing murmur On account of obesity the outline of the liver 
was not made out but there was also edema of the abdominal wall Urine 
showed specific gravitj, 1014, albumin and hjaline and granular casts, two 
plus 

Cota sc — He became comatose, had involuntary urination and defecation, and 
died in tw'o days Patient w'as shown before a class of medical students and 
discussed as a possible case of cerebral edema rather than one of uremia Blood 
chcmistrj the day before death show'ed urea, 29, creatinin, 101 

Xccropsy Findmgs — “Besides general edema there is an early gangrene of 
the toes of the right foot The tips of the fingers are cyanotic and the hands 
arc edematous Two or three liters of amber colored fluid were found in the 

TABLE 7 — Urine Findings in Case 13 


Dtj Lrlnc 

Albumin 

Specific Gravity 

On nri'Inp 

0 

t 028 

It n m 

Def trace 

10t4 

1 so n in 

Def tnce 

1024 

I P m 

Def trace 

1 014 

Cp m 

Def trace 

1 018 

Sp in 

Def trace 

1022 

top m (rotlipdt 

TYace 

1 0-24 

n sop m 

0 

1020 


peritoneal caMt\ The bow'el w'all is watery The lungs are markedly emphy- 
sematous in front, both pleural caMties contain about a liter or more of straw 
colored fluid The pericardial sac is distended with amber fluid In the right 
auricle, espccialh in the anterior wall and in the appendix there is a large 
graMsh organizing antemortem clot wdiich is adherent to the wall There are 
\egctations on the mitral valve Sclerosis of the vessels and of the heart are 
not marked There is a large infarct in the posterior portion in the upper lobe 
The grajish antemortem embolus causing this infarct is found plugging one of 
the branches of the pulmonarj arteries and there are multiple smaller infarcts 
The whole lung is markedl> edematous and congested The left lung also 
shows se^cral small hemorrhagic infarcts The kidneys are of average size, 
the suriaces made by sectioning disclosed an hjperemia but no other gross 
changes There is a marked edema of the brain The pia arachnoid is raised 
high abo\c the convolutions There is no scarring of the meninges The vessels 
at the base of the brain are moderateb sclerotic but there is no evidence of 
thrombosis or softening in an^ portion of the brain ” 

MISCELLANEOUS GROUP 

Case 13 (92) — History — R, aged 18, case of orthostatic albuminuria 
(Tabic 6) who had been refused admission to Annapolis on account of albu- 
minurn Xc\er ill nor conscious that am thing was wrong Table 7 shows 
albumin present onU in the daj urine 

Course — The albuminurn was uninfluenced by diet and exercise, and repeated 
examinations showed no albumin in the urine passed on arising The two hour 
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test diet was normal The phenolsulphonephthalem output was 55 per cent in 
two hours Blood chemistry showed urea, 12 5, uric acid, 2 5, creatinin, 1, 
sugar, 0 10 Alkali reserve, 78 This patient was later admitted to Annapolis 

Case 14 (64) — Histoty — R, aged 30, printer, case of orthostatic albuminuria, 
never knew he had albumin until he failed to pass the physical examination for 
the army Repeated examinations of the urine showed trace of albumin and a 
few granular casts in spite of low protein diet, and not modified by exertion 
Blood chemistry showed urea, 10 , unc acid, 1 25 , creatinin, 2 , sugar, 0 8 
Two hour test practically normal Phenolsulphonephthalem output, 60 per cent 
Albumin was present onlj' when patient was upright In neither case was there 
any evidence of polycythemia as noted by F Eichenberger “ 

These two cases of albuminuria showed normal blood values and 
the effect of posture on the albuminuria Ludwig Jehle,“® in 1913, 
showed the effect of lordosis and kinking of the ureter in producing 
this phenomenon Barker and Smith reported six cases, finding that, 
if the patient stood m an exaggerated lordotic position for one half 
hour, albumin and casts appeared in the unne Sonne cathetenzed the 
ureters in his patients, and found typical orthostatic albuminuria m the 
left kidney only, giving the explanation that the vertebrae compress the 
renal vein More recently W and S L Rieser,®^ show that the aorta, 
or mesenteric artery, acts as pincers of the left renal vein These become 
operative when the aorta is projected forward by lordosis, or when the 
mesenteric artery is pulled to tautness by visceroptic tug from the 
mesocolon 

Case 15 (83) — McD , bichlond poisoning, seen in coma Had passed no 
urine for forty-eight hours Blood showed extremely high values as follows 
urea, 110, unc acid, 8, creatinin, 7 5, sugar, 017 Died within a few hours 

Case 16 (67) — S , aged 28, syphilitic nephritis, albumin, 4 per cent , many 
casts Phenolsulphonephthalem, 39 per cent , blood showed urea, 12 5 , unc 
acid, 1 88 , creatinin, 1 9 , sugar, 0 1 The test diet was given with the fol- 
lowing results 


Time 

Volume, C c Specific Gravity 

01 

N 

8-10 

165 

1010 

029 

06 

10-12 

330 

1 008 

1056 

0 729 

12- 2 

210 

1012 

1 

0 814 

2- 4 

150 

1016 

1 2 

0 726 

4- 6 

150 

1017 

132 

0 732 

6- 9 

120 

1016 

110 

0 75 

Total daj 

1,125 


0 70 

0 727 

Total night 

135 





The albuminuria disappeared on specific treatment 

Case 17 (23) — C , aged 45 , chronic parenchymatous nephritis , had had 
nephritis for eighteen j^ears, with occasional relapses Four years before had 


28 Parkes Weber Polycythemia, etc. New York, Paul Hoeber, 1922, p 11 

29 An Explanation of Orthostatic Albuminuria, Editorial, J A M A 77 
127 (July 9) 1921 

30 Barker, L F . and Smith J Functional Renal Tests m Orthostatic 
Albuminuria, Am J M Sc 141 44, 1916 

31 Rieser, W and S L Etiology of Orthostatic Albuminuria, JAMA 
78 64 (March 4) 1922 
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albuminuric retinitis Blood pressure varied between 210 and 110 In July, 
1918, w'as seen with anuria for forty-eight hours, and profuse purpura on the 
arms and legs, and marked hematuria For six months she had been gradualh 
failing, albuminuria had been excessive, there was marked edema, h^drothorax 
and ascites Blood chemistry show'ed urea, 42 5, uric acid, 2 5 sugar. Oil 
She was too sick to hare a test diet, and died within a month 

Case 18 — S , aged 62 , acute focal nephritis This patient w as seen during 
an attack of acute tonsillitis with fever Her blood pressure w'as 125/100 
Heart negative Urine showed trace of albumin and few hyaline and granular 
casts but ten da>s later, there was oliguria, some edema of ankles and lower 
ejelids, and the urine showed a definite trace of albumin, hyaline and granular 
casts and red corpuscles There was no urinar 3 ' calculus, and pjelitis and 
pyeloncphrosis were ruled out The test diet was as follows 


Time 

V olume, C c 

Specific Gravitj 

NaCl 

X 

8-10 

37 

1009 



10-12 

75 

1014 



12- 2 

44 

1 000 



2- 4 

61 

1014 



4- 6 

27 

1 009 



0- 8 

168 

1 005 



Totnl day 

412 


2 97 

95 

'lotalnlEht 10/8 

571 





Within a few weeks nephritic sj'mptoms had all disappeared, and when 
seen three months later, she was entirely well 

Case 19 — Mrs M, aged 23, cardiac decompensation, had been in bed for 
SIX weeks with cardiac decompensation Left border of the heart IVs inches 
to the left of midclavicular line with mitral insufficiency and stenosis The 
liver was four finger breadths below the costal margin, and tender, marked 
edema of ankles, face, eyelids and buttocks Albumin, 06 per cent , many hyaline 
and granular casts The two hour test was as follows 


Time 

V'olumc, C c 

Specific Grav ity 

NaCl 


8-10 

39 

1012 



10-12 

59 

1 012 



12- 2 

79 

1012 



2- 4 

76 

1 016 



4- 6 

87 5 

1 008 



6- S 

94 

1012 



Total day 

345 


4 76 

14 

'total niglit 

263 

1 011 




Case 20 (41) — S , aged 12, nephritis with edema, had been m bed for some 
time before, with edema for last seven weeks Urea, 52 5 uric acid, 6 25, 
creatinin, 3 99, alkali reserve, 022 Patient died three weeks later 

CONCLUSIONS 

1 Albuminuria as clescnbed may not be due to serious damage in 
the kidney and maj even be excessive from extrarenal factors Passive 
congestion of the kidne}s occurs not only m cardiac breakdown due to 
\ ah ular insufficiency but may be a result of long continued heart strain 
from arterial h}pertension 

2 Albuminuria occurs so frequently as a part of the clinical picture 
of arterial hvpertension that these cases form a laige group in the 
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patients studied While chronic inteistitial nephritis is assumed to 
be present, the “renal crisis” is often due to myocardial weakness and 
lesults in passive renal congestion 

3 In a miscellaneous group, two cases of orthostatic or postuial 
albuminui la are cited Renal function tests show no marked disturbance 
in the kidneys 

4 But few cases of primary nephritis aie recorded because not 
many were encountered 

5 Of the various functional tests, those using the urine are dis- 
appointing The chemical examination of the blood seems to ofter a 
means of early differentiation between renal or extrarenal albuminuria 
The test diet for fixation of specific giavity, and for the estimation of 
chlorid and nitrogen excretion and water output also gives an eaily 
clue of renal function 

6 The teim “cardionephritis” seems a misnomer in view of the fact 
that the nephritic symptoms may be largely due to congestion and not 
to extensive renal damage 

7 Efforts to make clinical and pathologic nephritis conform still 
fail because of the complicated mechanism of lenal secretion 

8 Attention is called to the predominating symptoms in vascular 
hypertension Sooner or later every patient shows singly or jointly 
(a) nephritis (&) cardiac or (c) cerebral symptoms 



CLINICAL EXPERIENCE WITH QUINIDIN * 

C SIDNEY BURWELL, MD, and FRANCIS R DIEUAIDE, MD 

BALTIMORE 

Dunng the past year in this country and for some time previously 
abroad, there has been great interest in the restoration of normal 
mechanism by the action of quinidm sulphate in cases of auricular 
fibrillation The present series of sixteen cases has been studied with 
special reference to the improvement in efficiency of the ciiculation 
following restoration of the normal ihythm, as judged by various 
subjective and objective criteria Obviously, the fact that auricular 
fibrillation can be terminated is of little significance unless the health 
of the patient is thereby improved 

In general, the following routine of treatment was employed The 
circulation was brought to the highest efficiency possible by rest, and 
in most cases by thorough digitalization Two patients who had 
slow cardiac rates with no pulse deficit, cyanosis or edema, and whose 
only signs of cardiac insufficiency were dyspnea and limitation of 
activity, were not given digitalis In the other cases, digitalis was 
stopped before the administration of qumidin A small preliminary 
dose of quinidin sulphate was given to test for idiosyncrasy to the 
drug No case of hypersensitivity was discovered Then 2 0 gm was 
administered daily m fi\e doses of 04 gm each at two hour intervals 
This dosage was emplo}ed in order to maintain a high concentration 
in the body It vas continued until the cardiac mechanism became 
normal, or until unfa^orable signs appeared, or until it became evident 
that the rh}thm could not be changed In one case 19 gm of the 
drug vas gnen No untoward eftects except headache and an increase 
in the number of stools, were obseiA’^ed 

All observations on the mechanism were confirmed by electrocar- 
diograms The average systolic blood pressure during fibrillation was 
determined bv the method of James and Hart The vital capacity 
is expressed m percentage of the normal calculated according to the 
lormula of est - 

♦From the Cardiographic Laboratorj of the Johns Hopkins University and 
Hospital Presented m abstract by title before the American Society for 
Chnical Inicstigation Washington, D C, Maj, 1922 

1 Tames, W B . and Hart T S 4m. J AI Sc 147 63, 1914 

2 A\ est H F Clinical Studies on Respiration Comparison of Various 
Standards for Normal Y'ltal Capaciti of Lungs A.rch Int Med 25 306 (March) 
1920 
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CASE REPORTS 

Case 1 — Aitenosclei osis Amtculat Ftbt illation Myocardial Insufficiency 
— ’Male, aged 49 No history of acute rheumatic fever or syphilis Scarlet 
fever at 12 Onset of cardiac symptoms four months before admission, with 
precordial pain and rapid development of palpitation, dyspnea and edema On 
admission signs of congestive heart failure cyanosis, orthopnea, edema Large 
heait, no sign of valvular disease Rhythm totally irregular Pulse deficit 
from 10 to 12 Peripheral arteriosclerosis Wassermiann reaction negative 
The signs of congestive heart failure disappeared with rest and thorough 
digitaliration, but the patient remained unable to leave his bed without rapid 
reappearance of symptoms of cardiac failure 

Case 2 — Aitenosclei osis Hypci tension Auricular Fibrillation Myocaidial 
Insufficiency — Female, aged 63 No satisfactory history of any acute infection 
Onset of cardiac symptoms three years before admission with palpitation, 
dizziness, and edema of ankles Symptoms slowly progressive with periods 
of relatively good health On admission obesity, edema of ankles and of lung 
bases Large heart No evidence of valvular damage Rhythm totally irregu- 
lar Pulse deficit 4 Peripheral arteriosclerosis Wassermann reaction nega- 
tive Moderate improvement with rest in bed and digitalis 

Case 3 — Aitenosclei osis Emphysema Auuciilai Fibrillation Myocaidial 
Insufficiency — Male, aged 77 No definite history of any acute infection Patient 
noticed irregularity of pulse about three years before entrance Anorexia 
and nausea only symptoms of cardiac insufficiency On admission showed no 
dyspnea Marked cyanosis Slight edema of legs Numerous rales at lung 
bases Liver enlarged Large heart No sign of valvular disease Rhythm 
totally irregular No pulse deficit Peripheral arteriosclerosis Wassermann 
reaction negative No digitalis given 

Case 4 — Rheumatic Heait Disease MiUal Disease with Stenosis Aunculai 
Fibnllation Myocardial Insufficiency — ^Female, aged 48 Acute rheumatic fever 
at 34 Slight dyspnea for ten years Nine months before entrance marked 
dyspnea and anorexia with great limitation of activity Pulse irregular at 
that time Digitalis for some time before admission without significant change 
On admission slight cyanosis , many rales at lung bases Heart large Dias- 
tolic murmur at apex Rhythm totally irregular Pulse deficit 26 Liver 
enlarged Wassermann reaction negative 

Case 5 — Rheumatic Heait Disease Mitial Disease with Stenosis Aunculai 
Fibnllation Myocaidial Insufficiency — Female, aged 38 Acute rheumatic 
fever at 8 Scarlet fever before 14 Onset of heart failure eighteen months 
before entrance, with dyspnea and nervousness Shortly before entrance devel- 
oped palpitation, precordial pain, edema and excessive fatigue Digitalis did 
not relieve these symptoms On admission showed slight cyanosis and rales 
at right lung base Large heart Mid-diastolic murmur at apex Rhythm 
totally irregular Pulse deficit 12 

Case 6 — Rheumatic Heait Disease Mitial Disease with Stenosis Aunculai 
Fibnllation Myocaidial Insufficiency — Male, aged 58 Acute rheumatic fever 
at 43 Onset of cardiac symptoms two years before present entry with a 
transient attack of rapid irregular heart action, dyspnea, weakness and edema 
of ankles Hospital history at that time records irregularity with pulse deficit 
of from 17 to 24 Constant administration of digitalis was necessary to 
enable him to carry on light work On this admission slight cyanosis, slight 
dyspnea, no edema Large heart Apical systolic murmur, no diastolic heard 
(Subsequently, after the onset of normal mechanism, a rough presystolic mur- 
mur was evident ) Rhythm totally irregular No pulse deficit Wassermann 
reaction negative 

Case 7 — Exophthalmic Goitci Aunculai Fibrillation Myocaidial Insuffi- 
ciency ^Male, aged 58 Scarlet fever and tonsillitis in jmuth Onset of symp- 

toms of hyperthyroidism seven years before entrance Four operations on 
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th 3 roid Pulse totally irregular for one week following one of these For six 
3 ears patient had d 3 spnea and palpitation For three weeks before entrance 
orthopnea and edema of ankles On admission he showed recurrent thyroid 
enlargement, marked exophthalmos and tremor Orthopnea Cyanosis Mod- 
erate general edema Heart large No sign of valvular disease Rhythm 
totall 3 ' irregular Pulse deficit of 58 Wassermann reaction negative Rapid 
rate and large deficit persisted despite rest and digitalization 

Case 8 — Ai let loscicrosts Emphysema Amtcular Fib) illation Myocatdial 
Insufficiency — Male, aged 57 No satisfactory history of acute infections Onset 
of cardiac symptoms two years before admission with dyspnea Incapacitation 
for eight months On admission d 3 fspnea, cyanosis, edema Emphysema 
Peripheral arteriosclerosis Large heart No evidence of valvular disease 
Rhytlim totally irregular No pulse deficit Wassermann reaction negative 
Slight improvement after rest and digitalis 

Case 9 — Rheumatic Heait Disease Awiculai Fibi illation Myocai dial 
Insufficiency (Slight) — Male, aged 29 Periapical abscesses, tonsillitis and ton- 
sillectom 3 ' one year before entrance No acute rheumatic fever Excessive 
fatigue Slight dyspnea and indigestion for three years On admission no 
d 3 spnea, cyanosis or edema Heart slightly enlarged First sound roughened 
Rh 3 thm totally irregular Wassermann reaction negative Digitalis not given 
About ten weeks after discharge with normal rhythm the patient began to 
ha\e palpitation and excessive fatigue again His pulse was found to be totally 
irregular and he w'as readmitted in the same condition as on first entrance, 
for a second course of treatment 

C\SE 10 — At tcrioscleiosis Emphysema Auticulat Fibi illation Myocatdial 
Insufficiency — Female, aged 73 No satisfactory history of any acute infection 
Onset of cardiac S 3 'mptoms one year before admission with dyspnea, cough, 
edema An electrocardiogram made four months before admission showed 
auricular fibrillation On admission emphysema Peripheral arteriosclerosis 
Heart large S 3 'Stolic murmur at apex, diastolic at base Rhythm totally 
irregular No pulse deficit Wassermann reaction negative Rest and digitalis 
did not change the patient’s condition 

Case 11 — Syphilis Emphysema At teiiosclerosis Auticulat Fibt illation 
Myocardial Insufficiency Hydiocclc — Male, aged 58 Frequent tonsillitis in 
3 0 Uth Onset of cardiac symptoms with dyspnea ten years before entrance 
Incapacitation for five 3 "ears On admission cyanosis, dyspnea, orthopnea, 
edema, obesit 3 Marked emph 3 sema, heart large No evidence of valvular 
disease Rh 3 thm totall 3 " irregular No pulse deficit Peripheral arterioscle- 
rosis Lner enlarged Wassermann reaction positive Gross signs of con- 
gestne heart failure disappeared with rest and digitalis 

Case 12 — Rheumatic Heat I Disease Mittal Disease with Stenosis Auticulat 
Ftbt illation Myocardial Insufficiency — Male, aged 60 No histor 3 of anv acute 
infection S 3 'mptoms of heart failure for fifteen 3 ears Palpitation, dyspnea, 
anorexia, vomiting, edema Two attacks of unconsciousness followed by 
apbasia On admission marked d 3 spnea, rales at lung bases, large liver 
Heart large Diastolic murmur at apex Rliythm totally irregular Marked 
peripheral arteriosclerosis Wassermann reaction negative Deficit of from 
6 to 10 persisted despite digitalization with reduction of heart rate to 65 

Case 13 — Rheumatic Hcatt Disease Mitral Disease with Stenosis Auricular 
Fibtillaiwn Myocardial Insufficiency — ^Female, aged 54 Repeated tonsillitis 
in childhood Onset of cardiac sy'mptoms fi\e 3 ears before entrance, wnth 
palpitation and shortness of breath Three years before entrance rapid irregular 
heart action with increasing dyspnea Intermittent progression of symptoms 
On admission obesity, cyanosis, dyspnea Rales at lung Ijascs Heart large 
No murmurs Rlnthm totally irregular Pulse deficit 30 Wassermann reac- 
tion negatne Moderate improyement folloyyed rest and digitalis 
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Case 14 — Rheumahc Heait Disease Mifial Disease zvith Stenosis Aunculai 
Fibrillation Myocardial Insufficiency — ^Female, aged 22 Repeated tonsillitis 
before 11 Admitted to hospital at 11 with tonsillitis, rheumatic heart disease, 
pericardial effusion, auricular fibrillation and signs of congestive heart failure 
The patient established a fair degree of cardiac reserve but was readmitted 
nine years later with marked failure, from' which there was a good recovery 
The patient has constantly taken digitalis On admission she showed slight 
edema Large heart Diastolic apical murmur Totally irregular rhythm 
Pulse deficit 8 Wassermann reaction negative 

Case 15 — Rheumatic Heait Disease Mitial Disease zvitJi Stenosis Auiiculai 
Fibrillation Myocardial Insufficiency — ^Male, aged 45 No history of acute 
rheumatic fever or syphilis Long history of ill health Onset of cardiac 
symptoms (dyspnea, vertigo, frothy sputum) one year before present entry 
Electrocardiogram at that time showed auricular fibrillation On admission 
dyspnea and cyanosis, no edema Large heart Middiastolic murmur at apex 
Rhythm totally irregular Pulse deficit 10 Wassermann reaction negative 
Constant administration of digitalis was necessary to prevent incapacitation 
Withdrawal of digitalis during administration of quinidin was followed 
promptly bv serious congestive heart failure 

Case 16 — Rheumatic Heart Disease Mitral Disease zinth Stenosis Auricular 
Fibrillation Myocardial Insufficiency — ^Male, aged 39 Repeated sore throat 
Onset of cardiac symptoms two years before admission with syncope, dyspnea, 
and gastro-mtestmal symptoms Dyspnea grew slowly worse On admission 
dyspnea at rest and cyanosis Rales at lung bases Heart large Low pitched 
diastolic apical murmur Rhythm totally irregular No pulse deficit The 
patient was still bedridden after rest and digitalis 

COMMENT 

Table 1 summaiizes the results of our observations Examination 
of this table shows that of sixteen patients studied, fourteen (88 per 
cent ) responded to the administration of qUmidin by reverting to the 
normal mechanism The average amount of the drug given to produce 
this result was 3 26 gm , the limits of variation being 0 4 gm and 10 0 
gm This means that rhythm in most cases became regular on the 
second day of treatment, while the longest time which elapsed during 
successful tieatment was five days Of the fourteen patients in whom 
rhythm became regular, normal rhythm has persisted m eight Six 
patients have had a normal rhythm for six months or more The eight 
patients in whom rhythm became presistently regular all showed a 
remarkable impiovement, both subjective and objective, while none of 
the remaining six who soon i everted to auricular fibrillation showed 
improvement with the onset of normal mechanism This obser^ ation is 
of great interest because it points strongly to a close correlation between 
the seventy of myocardial damage and the persistence of aunculai fibril- 
lation It is, however, noteworthy that there has been no close correla- 
tion between the degree of heart failure and the success of quinidin 
treatment 

Conclusions as to the relation of the various etiologic factors, the 
duration of cardiac symptoms, and the age of the patient, to the success 
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of the treatment are not warranted in a series so small Of great 
interest, however, is the success with which a very severe and long- 
standing case of thyrotoxicosis was treated 

With regard to the criteria of improvement, in addition to the 
subjective improvement which was experienced by all patients who 
became persistently regular, we have noted that they have been able 
to live at a considerably highet level of activity than was possible 
previously Moreover, there has been consistently a nse in the vital 
capacity and systolic blood pressure of these patients Determinations 
by Dr Harold J Stewart ^ of the degree of oxygen saturation of the 
arterial and venous blood further demonstrated a circulatory improve- 
ment in most of these patients 

Table 2 is a compilation of the cases of auncular fibrillation treated 
with quinidm which are reported m the literature, of which the total 
IS now over 600 Normal rhythm was restored m more than 50 per 
cent of these patients Reports of patients treated with quinin have 
not been included 

Accidents — There was a fatal outcome during the hospital course 
in three of the cases in this series Unfortunately, two of these deaths 
seem to be associated with the change in rhythm which followed the 
administration of quinidin 

Shortly after reverting to normal mechanism for the second time, 
the patient reported as Case 13 showed signs of renal msufficienc} 
which were not previously present Two days after the onset of normal 
mechanism she again relapsed to auricular fibrillation The urine 
output fell almost to zero and examination of the blood showed increas- 
ing nitrogen retention The patient had repeated convulsions and died 
five days after the onset of these symptoms Necropsy revealed the 
presence of a friable thrombus in the left auricle A large proportion 
of each kidney showed anemic infarction and surrounding hemorrhage 
There was also infarction of the spleen and embolism of the abdominal 
aorta at its bifurcation The brain showed a fresh clot over the right 
cerebral hemisphere There was a moderate degree of mitral stenosis 

There was no change m the subjective condition of the patient 
reported as Case 14 after her pulse became regular About twelve 
hours after the onset of normal mechanism she suddenly sat up and 
immediately thereafter fell out of bed and was found to be dead No 
necropsy was permitted 

The patient reported as Case 11 was readmitted one month after 
her final assumption of normal rhjrthm Three days previously symp- 
toms suggestive of cerebral accident had suddenly occurred Examina- 

3 Stewart, H J Arch Int Med (to be published) 

3a This case is reported by the courtesj of Dr Louis V Hamman 
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TABLE 2 — Compilation of Cvses of Alriculvr Fibrillation 
Reported Treated with Quimdin 


Authors 

Number 

Ti Gated 

Reversions to 
Normal Rhythm 

Arncll ‘ 

9 

4 

Arnll iga, AValdrop and Gugliclmetti 

14 

9 

Benjamin and a on KapH ” 

27 

18 

Bock ■ 

35 

16 

Boden and Ncukirch ® 

17 

6 

Burnell and Dieuaide 

16 

14 

Clerc and Deschnmps " 

24 

12 

Dniry and Ihcscu 

IS 

6 

Ellis and Clark Kennedy 

7 

5 

Fjster and Fahr 

2 

1 

Faber 

2 

1 

Frey “ 

50 

21 

Tlpystnip 

2 

! 2 

Haass 

44 

27 

Hamburger and Priest 

18 

11 

Hart ” 

15 

5 

Hcnlctt and Sncency 

12 

6 

Tenny 

18 

17 

Klewit? 

13 

1 

Lcschke and Ohm =- 

1 

1 

Icyy == 

25 

11 

Llan and Robin 

4 

3 

Oppcnlieimer Mann and Felberb luin 

56 

25 

Romberg 

22 

17 

Sappington 

1 

1 

Scliott 

2 

2 

Smith =» 

12 

6 

A an Tilburg =» 

10 

8 

A on Bergman 

9 

6 

Wliito Siarvln and Ahko !>= 

75 

51 

AVilson and Herrmann 

1 

1 

Wisser 

11 

4 

Wolferth == 

12 

7 

AAybauw, Dumont and Toos 

27 

14 

Totai 

006 

339(55 9%) 


4 Arndl P H^g-lcn 83 320 1021 

5 Arrlllaca P C WaRlrop, C P, and Gueliclmctti J Prensn med Argentina, 8. 1922, 
(nbstr in Prc'^e mtd 30 202 1922) 

C Benjamin and von Kapil W Dciitscli med 'Uclmschr 47 lO, 1921 

7 BocL G Jlcd Kim 17 1052 1921 

8 Boden, r , and Ncukircli P Doutsch Arch { klm Med 13G 181 1921 

9 Clerc \ , and De^cliamps N Presse med 30 205, 1922 

10 I)rur^, \ N and Iliescii C O Brit 31 J 2 6il, 1921 

11 Ellis, A W SI , and Clark Kennedy A E Enncct 3 891 1921 

12 Easier T A L and Falir, G I Arch Int Med 2') 59, 1922 

13 Pa her, K Egeskr f Lager S3 577, 1921 

11 Fre\ W Deutsch Vrch f kiln Med 13C 70 1921 
15 Flpjstriip G Ugcskr f Leegcr S3 1389, 1921 
IG Hanss H Berl khn Wchnsclir 58 510, 1921 

17 Hamburger W W and Priest W S J A SI 7 7') 1S7 (Julj 15) 1922 

18 Hart T S J A 51 \ 7'* C9 (Jub 1) 1022 

19 Hewlett A W, ind Siiccney TP T A 51 1 77 1793 (Dec 3) 1921 

20 Tennv E Schweir med Mthnschr 31 272, 1921 

21 Klenitz, r Deut=ch med Wcbn'chr 40 8 1920 

22 Ix^chkc r , and Ohm R Slunehen med AVchnschr CS 03 1921 

23 I-c\a, R L Keu York State J SI 22 27C, 1922 

21 Li in O and Robin 5' Bull ct mfm Soc mtd de hop de Par 40 23, 1922 

25 Oppcnlieimer, B 8 51 inn H , and Fclberbaum D J A St A 78 1752 (June 3) 1922 
2C Romberg L Krankhciten des Herrens, Ed 2 Slunich, 1921 

27 Sapplngton S T1 J A 51 \ 78 50 (J m 7) 1922 

28 Schott, E Dcutseh Arch f khn Sled 134 208, 1920 

29 8mitli F M T A SI A 78 877 (Slarch 25) 1922 

30 Van L’llburg, J Kederl Tijdsclir a Gcnecck 2 1553 1921 

31 A on Bergman G Sliinchen med Wchnschr GO 705 1919 

32 White P I) , Marvin H SI and A'lko L F T A SI A 78 1839 (Tune 10) 1922 

S3 Wilson F N , and Herrmann G R. T A SI A 78 863 (Slarch 25) 1922 

Cl Wisser Inaug Dissertation Cologne, 1920 
35 Wolferth O C Am J SI Sc IGS 812 1921 

Wvbainv R Dumont and Toos Polichniqut (Brussels) Slarch 1, 1921 (abstr in Arch 
d mal dll cceur 11 5C4 1021 ) 
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tion showed increased reflexes on the right side and a right facial 
weakness The pulse was totally irregular, with short periods of 
regularity An attempt was made to control the auricular fibrillation 
by the administration of quimdin (two doses of 0 2 gm each) This 
was ineffectual The patient became comatose and shortly theieafter 
died At necropsy it was found that there was a thrombus in the left 
middle cerebral artery and an infaiction of the spleen There was a 
moderate degree of stenosis of the mitral valve but there was no 
thiombus within the heart There was extensive arteriosclerosis 

The frequent occurrence of embolism in cases of longstanding auricu- 
lar fibrillation is well known Mackenzie and Orr suggested that the 
contractions of the auricle, after quinidin had caused a resumption of 
its normal activity, might serve to detach emboli from intra-auricular 
clots Table 3 shows that fourteen accidents resembling embolism have 
been reported as following closely the onset of normal rhythm m 


TABLE 3 — Accidents Suggesting Embolism Following the Onset of Normal 
Rhythm in Ca.sls Treated with Quinidin 



Cases 

Deaths 

Benj auim and von Kapff ® 

1 

1 

Burn ell and Dieuaide 

2 

2 

Ellis and Clark-Kennedy 

2 

2 

Groedel 

1 

1 

Hewlett and Sweeney 

1 

1 

Levy 

2 ! 

1 

Sappington 

1 

1 

White, Marvin and Viko 2= 

s 

2 

Wilson and Herrmann 

1 

0 

Total 

14 

11 

1 


cases of auricular fibrillation treated with quinidm Eleven of these 
accidents were fatal Up to the piesent, however, no pathologic evi- 
dence as to the nature of these accidents has been available 

The necropsy findings in Case 13 leave no doubt that this patient’s 
death was due to the mechanism suggested by Mackenzie and Orr 
In Case 14 we can only speculate on the basis of the clinical course 
that the same mechanism was responsible for the patient’s death In 
Case 11 the hemiplegia occurred while the patient’s pulse was totally 
irregular and, since theie was no intra-auncular thrombus, it is felt 
that this fatality is not attributable to the use of quinidin 

The occurience of such accidents in small series of cases brings 
out the fact that patients should be carefully studied before being given 
quinidin It is, of course, impossible to decide whether or not there is 
present an intra-auricular thrombus Therefore, the decision as to the 

37 Mackenzie J Bnt M J 2 576 1921 

38 Orr, J Bnt M T 2 576, 1921 

39 Groedel, F M Therap d Gegenw 62 172 1921 
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use of tlie drug in a gl^en case must be based upon a consideration of 
the degree of the patient’s incapacitation after the usual therapy has been 
employed and of the impro\ ement to be expected from a restoration of 
the normal rh} thm It must be borne in mind that embolism may occur 
during the course of auricular fibrillation and hence that the interpreta- 
tion of embolic accidents following quinidin therapy must include a study 
of their relation to the onset of normal auricular activity It is impor- 
tant to note that the drug is not in itself responsible for the embolism 
and that there is nothing to be gained b} modification of the dosage 

CONCLUSIONS 

Our observations of the patients’ activit}, systolic blood pressure, 
vital capacity, and subjective condition show a consistent improvement 
in all patients whose cardiac rhythm became regular and remained so 
for some time Therefore, in patients with auncular fibrillation who 
cannot be brought to a satisfactory degree of circulatory efficiency by 
the usual therapeutic measures, an attempt to cause reversion to normal 
mechanism by quinidin is justified by the hope that the patient’s health 
will be improved thereby It is well established that the change in 
rhythm can be effected in at least 50 per cent of tlie cases 

Two grams of quinidin sulphate may be administered daily without 
the production of severe toxic symptoms, and such a dosage results in 
a higher percentage of successes than does a smaller dosage 

So far as is known at present, the danger associated with the use 
of tins drug lies not in its direct effects but m embolism from an 
intra-auncular thrombus, following the onset of normal auricular 
activity 

SUMMARY 

1 Of sixteen cases of auricular fibrillation treated with quinidin 
sulphate, fourteen (88 per cent ) reverted to normal mechamsm 

2 Regular rhythm has persisted in eight of these patients, in six 
for more than six months 

3 In the cases remaining persistently regular there has been 
marked improvement in the patient’s health 

4 Death occurred m three patients, m one, shown to be due to 
embolism from an intra-auncular thrombus 



MYCOTIC (BACTERIAL) ANEURYSMS OF 
INTRAVASCULAR ORIGIN ^ 

ALFRED STENGEL, MD, and C C WOLFERTH, MD 

PHILADELPHIA 

With the development of modern methods of clinical diagnosis and 
pathologic study, it has become universally recognized that arterial 
aneurysms, in the great majority of cases, particularly aneurysms 
involving the arch of the aorta, are due to syphilis Other etiologic 
factors of clinical importance, although ranking far below syphilis, are 
bactenal or so-called mycotic infections of arteries, trauma (most 
frequently in connection with war wounds) and arteriosclerosis 
Extremely rare causes are congenital defects of vessels, adhesions pull- 
ing the artery wall outward (traction aneurysms), vascular tumors 
and chemical erosion, such as may occur in the walls of gastric ulcer 
or carcinomas In horses, a parasitic worm, the Strongyhis aunatus, 
has caused aneucj'^sms involving most commonly the mesenteric artery 
Bacterial infections may invade the vessel wall either from the 
outside 01 from within Those coming from without are usually due 
to the extension of infection to the vessel walls from neighboring or 
contiguous inflammatory foci, attacking, first, the adventitia and then 
spreading inward, producing disintegration of tissue until the vessel is 
weakened enough to yield These aneurysms are found most often in 
tuberculous cavities, the walls of abscesses or other areas of inflamma- 
tion Rarely, the aorta or pulmonary artery may be involved, in which 
case the infection usually comes from bronchial lymph nodes Accord- 
ing to present day views, the aneurysms in periarteritis nodosa are 
also to be regarded as due to infection from without Klotz,^ who 
has recently studied this condition and reviewed the literature, believes 
that the orgamsms concerned are streptococci The infection is thought 
to be spread along the periarterial lymphatics 

The types of aneurysms to which we wish to call attention are those 
m whose production bactenal infection from within the vascular 
apparatus plays a part Infection may be brought to arteries in a 
variety of ways and other factors beside infection may also be of 
importance m giving rise to aneurysm There is no satisfactory name 
to include all the types and distinguish them from the aneurysms caused 
by infection from without Embolism is frequently a factor, and 
aneurysms in whose foimation embolism plays a part were called by 

* From the Medical Division, University Hospital, and the William Pepper 
Clinical Laboratory, University of Pennsylvania 
1 Klot7 T M Research 32 1, 1917 
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the older ^\nters, before the importance of infection was understood, 
embolic aneurysms It is better to reserve this name for aneurysms 
regarded as being due to embolism without infection, although we 
do not belie\e that in any of the cases reported as puiely embolic 
aneurysms without infection the absence of infection has been clearly 
established 

The term “inycotic” was adopted by Osier - and Eppinger ® to 
call attention to the importance of infection Eppmgei's designation 
“in^eotic embolic” foi the type of aneurysm desciibed by him has 
persisted Benda ‘ suggested “metastatic mycotic” to include the cases 
m which bacteria aie carried to the vessel wall thiough the blood stream 
but without the aid of emboli The name proposed by Benda does 
not co\er the aneurysms caused by direct implantation of infection 
on the aorta and pulmonary artety We have, therefoie, designated 
the entile group “mj^cotic aneurysms of intravascular origin” which, at 
least, has the merit of directing attention to the tw'o features they 
ha\ e in common 

'lufnell' IS usually credited wnth being the first to lecognize the 
importance of embolism in the production of aneurysms, although 
\irchowJ in 1847, si\ }ears before TufncH’s publication, not only 
fuinished the pi oof that embolism occurs but noted that at the seat 
of embolism sharply delimited destruction of the inner and middle 
arterial coats may be found In tw'o cases, he found arterial dilatation 
and sac foimation at the site of embolism 

Tufnell believed that the aneurysms w'^ere caused by pressure behind 
the embolus and developed there Ponfick,® however, m 1873, showed 
that they occurred at the site of the embolus I-Ie believed that the 
mechanical eflect of the embolus being pushed against the vessel wall 
b) the blood pressuie behind it, injured the vessel and thus gave rise 
to aneurysm In some emboli he found sharp calcareous spicules 
Wheie the emboli were soft, he exp’ained the damage to the artery 
wall as being due to the constant piessure of the embolus against it, 
a mechanism which he considered analogous to decubital necrosis 

2 Osier Brit M J 1 467 1885 

3 Eppinger ^rch f klin Chir 35 1887 

4 Benda Liibarsch-Ostcrtag Ergcbnissc 8 196, 1901 

5 The term ms cotic, although sanctioned hj long usage m this connection, 
IS not altogether without objection since a special group of infections have 
come to be called the mi coses With the exception of one ancurjsm of the 
piilnionarj artcrj, regarded as due to the spread of actmomjcosis to the 
lesscl wall (Reichc Quoted from Thorcl, Lubarsch-Ostertag, Ergcbnissc 14 
666, 1910) there are, so far as we are aware, no reports of aneur 3 sms caused 
bi am of liic special group of mj coses 

6 Tutncll Dublin Quart T M Sc 15 371, 1853 

7 Virchow Virchows Arch f path ^nat 1 272, 1847 

8 Ponfick \irchows \rch f path Anat 58 528, 1873 , 67 384, 1876 
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Goodhart,'’ who reported a numbei of cases of so-called embolic 
aneurysms in 1877, was the first to advance the hypothesis that infec- 
tious processes were concerned m their formation In 1878, Buch- 
wald found bacteria in polypoid vegetations m a pulmonary aneur} sm, 
but believed the aneurysm came first and the vegetations and bacteria 
later Osler,^ m 1885, reported the finding of five aneurysms of 
the aorta m a patient with malignant endocarditis He believed that 
the endocarditis and the aneurysms were due to the same infection 
Langton and Bowlby’^’- found numerous bacteria in the walls of embolic 
aneuiysms and concluded that the infection was derived from the heart 
valves 

Eppinger,^ whose classic monograph appeared in 1887, has con- 
tributed most to our knowledge of this subject He described minutely 
the arterial changes m various stages of what he called mycotic embolic 
aneurysms, and demonstrated that the infection was conveyed by bacteria 
laden emboli detached from the heait valves to the arterial wall, and 
that the formation of aneurysm was dependent on partial disintegra- 
tion of the wall, particularly the internal elastic lamina Eppmger 
believed that the infection was carried to the adventitia and set up 
inflammation there first, later spreading to the media and intima Later 
mvestigatois accept this as the course of events when tiny infected 
emboli enter the vasa ‘vasorum and are held m the adventitia, but it 
is now generally believed, through the work of Unger and othei s, 
that when emboli plug the lumen of an artery, inflammatory processes 
begin on the inner surface and spread outward 

Although Eppmger and others who followed him established the 
etiologic importance of infection in the formation of aneuiysms, the 
view was not abandoned that the mechanical effect of embolus alone 
on an artery wall is able to cause aneurysm Lecky,^^ Libman^"^ and 
Reiche within the past twenty years have reported cases which have 
been cited in support of this view In Libman’s case, bacteria were 
found in the heart valves, and in Reiche’s case, while blood cultures 
were negative at the time the aneurysm developed, they had previously 
been positive In Lecky’s case, a purely embolic etiology for the 
aneurysm is strongly suggested, but the case report is too incomplete 
for the acceptance of this view without question 

9 Goodhart Tr Path Soc Lond 28 107, 1877 

10 Buchwald Deutsch med Wchnschr 4 Nos 1, 2 and 3, 1878 

11 Langton and Bowlby Med -Chir Tr 70 117, 1887 

12 Unger Beitr 7 path Anat u z allg Path 51 137, 1911 

13 Lecky Bnt M J 2 1127, 1906 

14 Libman Proc New York Path Soc, N S 5-6 88, 1905-1906 

15 Reichc Quoted from Libman, Am T M Sc 144 313, 1912 
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The more recent literature has shown that in the great majority 
of acute and subacute aneuiy^sms developed fiom within the vessels, 
the underlying infection is some form of bacterial endocarditis In 
this group of infections, aneurysms not only of the arteries but also 
of the heart walls and vahes are not uncommon Horder,^® in 150 
cases, found twelve aneurysms of the valves, four of the ventricular 
wall, four of the inten'entncular septum and four aiterial aneurysms In 
the senes of Schottmuller,^' Lenhartz and Billings,^” forty-four cases 
in all, six were found to have arterial aneurysms Libman has 
reported a total of thirteen mycotic aneur 3 '-sms in three cases during 
the active stage of bacteiial endocarditis Cotton mentions the finding 
of but one aneurysm m a series of fifty-five cases of bacterial endo- 
carditis Morau itz goes so far as to state that the development of 
aneuusms in unusual situations may aid in the diagnosis of “endo- 
carditis lenta ” 

The older writers frequently attributed these aneuiysms to rheu- 
matism Koch-- in 1851, was the first to report such a case From 
the published data in his case, as well as m many cases reported later. 
It seems more likely that bacterial endocarditis was present rather than 
rheumatism More recently, rheumatism has not so often been regarded 
as of direct etiologic importance In view of the difficulty in some 
cases, even at the present time, of making a differential diagnosis 
betiteen the two conditions, it is not surprising that some confusion 
should occur The importance of rheumatism as an etiologic factor 
111 aneurysm formation will be discussed later 

The development of aneurj-^sms during the course of bacteremia 
without endocarditis is rare Buhl,^^ in 1866, found dissecting 
aneurysms of the ductus botalh in infants with puerperal infection 
He concluded that the destructive processes must ha\e been brought 
through the blood stream Scattered reports of aneurysm formation 
m various conditions, principally bone and lung infections, are found, 
but until Ruge’s report, in 1905, none had had adequate bacteri- 
ologic stud\ Ruge’s patient had osteomyelitis, pyemia and a coionaiy 
artery aneurysm in which streptococci were found Since that time 
cci eral cases have been studied bacteriologically, and streptococci, 

16 Horder Quart T kl 2 289, 1908 

17 SchoUmullcr Munchen nied Wchnschr 57 617 1910 

IS Lenhartz Nothnagel’s specielle Pathologic und Therapie 3 380, 1904 

19 Billings ^rch Int Med 4 409 (Sept ) 1909 

20 Libman Proc Xcis York Path Soc, N S 5-6 43, 1905-1906 

21 Moraw itz Munchen med Wchnschr 68 1478, 1921 

22 Koch Inaugural-Dissertation Erlangen, 1851 

23 Buhl Quoted from Thoma Dcutsch med Wchnschr 15 309 1889 

24 Rugc Dcutsch Ztschr t Chir 80 150 1905 
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pneumococci or staphylococci were recovered from the aneurysms The 
aorta and the hepatic artery are the vessels that have been involved 
most often 

REPORT OF CASES 
MYCOTIC ANEURYSMS OF THE AORTA 

Case 1 — Iltstoty — A C, housewife, aged 31, white, American, was admitted 
to the University Hospital May 20, 1920, complaining of weakness and short- 
ness of breath Ever since she could remember, she had had palpitation and 
breathlessness on exertion, and during her childhood, a physician stated that 
she had a weak heart In September, 1919, she began to suffer from chills, 
fever, cough and weakness In October, her joints began to swell and were 
slightly painful By February, 1920, she was somewhat improved but then 
developed what was called influenza She had anorexia, sore eyes, headache 
cough and pains all over her body, sensations of chilliness and marked weak- 
ness Soon her feet and legs began to swell and she became so short of 
breath that she could not lie down flat There was also some cough with 
white frothy expectoration 

She had never had any joint affections except the mild attack in the begin- 
ning of her present illness and had never had chorea She had had measles and 
chickenpox m childhood , at 6 years she had some illness the nature of which 
was not known, but there was swelling of the body and redness of the skin 
She had typhoid fever at 16 

Her habits had been good, she lived in good surroundings and she had done 
her housework Her husband and two children are living and well 

Physical ExaimnaHon — She was of about medium stature, with poor nutri- 
tion and musculature The skin was pale but there were no eruptions, except 
some miliaria on the chest and abdomen The breathing was accelerated, 
shallow and somewhat labored The lips and oral mucous membranes were 
pale, the teeth unclean, there were many cavities and unextracted roots and 
the gums were retracted The tongue was heavily coated The chest showed 
poor expansion, somewhat less on the left side There were signs of con- 
gestion and some fluid at both bases The cardiac apex impulse was weak 
and diffuse The percussion area of precordial dulness was enormously 
increased, extending 13 cm to the left of the midsternal line and 11 cm to 
the right The substernal dulness was 8 cm in the first interspace, 12 cm 
m the second and 17 cm in the third There were vigorous visible and palp- 
able pulsations in the second and third interspaces to the right of the sternum 
Loud systolic and diastolic murmurs were heard over the aortic area, prob- 
ably also a separate apical systolic murmui There was an occasional extra- 
systole The liver was markedly enlarged and there were signs of a small 
amount of fluid in the abdomen The spleen could not be palpated There 
was moderate edema of the back but none of the legs There was marked 
clubbing of the fingers The pulsations m the larger arteries were visible, a 
distinct capillary pulse was seen and the Traube and Durosiez signs were 
present The blood pressure was 100 systolic Eyeground examination showed 
only pulsation of the retinal vessels 

Lahoiatoiy Examination — The examinations of the urine showed a specific 
gravity of from 1 012 to 1 014, persistent cloud of albumin, many hyaline and 
granular casts, a slight excess of leukocytes and a few erythrocytes The 
hemoglobin was 40 per cent , the erythrocyte count 2,230,000, and the leukocj te 
count 11,300 with 75 per cent of polymorphonuclears The Wassermann test 
was negative A blood cultuie was positive, showing Sfi cpiococcus vindaiis 

The report of the roentgen ray of the chest bv Dr H K Pancoast vas 
as follows “Large heart Right side of shadow less dense suggesting fluid 
on the right side May be fluid in the pericardial sac ” 
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The temperature was of an irregular septic tjpe, ranging from 974 to 
103 6 F Pericardial frictions developed and were heard over a wude area 
There was manifest ^erJ little change in her general condition until June 5 
when the pulse became ver 3 rapid and weak and the breathing labored In 
a short time, death occurred 

Diagnosis — Sficplococciis ciindaiis endocarditis, aortic and mitral regurgi- 
tation, mjocarditis, pericarditis, cardiac decompensation with passive con- 
gestion of the lungs, liver and kidnejs, mycotic aneurj'sm of the ascending 
arch of the aorta, subacute nephritis, sccondar 3 anemia 

Comment — In spile of the fact that the literature affords no 
instances of a clinical diagnosis of nij'^cotic aneurysm of the aich of 
the aorta confirmed at necropsy, the diagnosis in this case was based 
on the extraordinary degree and extent of visible and palpable pulsa- 
tion to the right of the sternum m the second and third interspaces, 
associated with clear evidences of an aortic valve lesion, fever, leuko- 
cytosis and other evidences of an active infectious process The dis- 
covery of pulsation over the arch of the aorta to the right of the 
sternum is to be expected in some cases of aortic regurgitation and 
IS explained by the dilatation of the root of the aorta which occurs 
to a greater or less extent in many cases of this condition The violence 
and the extent of the pulsation m this case weie, however, so marked, 
and the evidence of unusual dilatation of the arch of the aorta on 
percussion so definite, that it seemed altogether probable that a dis- 
tinctly pathologic dilatation (as contrasted with mere overdistention 
from stretching) existed in this case The evident intravascular infec- 
tion furnished a probable explanation, as acute (mycotic) aneurysmal 
dilatations are known to occiii m association with infective endocarditis 

Pathologic Examination — The necrops 3 w'as performed by Dr M T 
McCutchcon The follcwing notes have been abstracted from his report 

The hesrt i\cighed 770 gra , the epicardium i\as reddened and covered with fibrin which 

ca<aK stripped off in some places and adherent in others The muscle was flaccid and 
of a turbid flesh color The left side of the heart was greatly dilated, the right less so 
The mural endocardium was generally transparent, but on the wall of the left ventricle 
below the aortic aahe and on the left auricle above the mitral valve were found numerous 
soft verrucac Two aortic leaflets show thickening, the right posterior one was much eroded 
and from it hung a soft vegetation about 8 mm in length Jie mitral valve was unthickened, 
hut covered with many verrucae, some of which werx Mit'to pale and firm, while others 
appeared frc'=h Smears made from the aorta just above the aortic valves and stained for 
bacteria showed s reptococci 

In Figure 1 arc shown an aneur 3 sm and ulcerations m the ascending arch 
of the aorta and their relations to the aortic valve Just above the right 
posterior sums of Valsalva are two ragged ulcerated areas On the corre- 
sponding aortic leaflet, there are two long but soft vegetations the tips of 
which could be inserted into the ulcerations There are also some small 
vegetations about the ulcerations In this area, about 2 cm wide and 1 cm 
long, the aortic wall is slighth thickened and pouched out To the right, the 
diseased area narrows to an isthmus of thickened and slight^’- depressed ves- 
sel vail which connects it with a definite aneur 3 sm above the anterior sinus 
of ^’'alsalva The aneurism is irregular^ rounded, approximate^ 2 cm in 
diameter, and in the hardened specimen the floor is about 1 25 cm below the 
<;urf-'ce of the adjacent part of the vessel It extends just low enough to 
include and hide the exit of the right coronan artery By probing back 
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through the artery, the exit was found not to be blocked but it v'as surrounded 
by fine vegetations The wall of the aneurysm in places was from tno to 
three times the thickness of the nearby A^essel wall and was quite firm There 
were folds in it suggesting that it had been larger during life and had con- 
tracted postmortem For the most part it was covered bj-^ a smooth lining 
continuous with the intima and resembling it somewhat, although it was not 
quite so glistening and delicate A few ragged vegetations were found grow- 
ing out from this layer and on the left border of tbe aneurysm there was a 
ragged irregular area of ulceration about 6 mm in diameter At the edges 



Fig 1 — Case 1 Drawing of wall of left i^entricle, aortic valves and the 
aorta just above the valves There are two long ragged vegetations on the 
right posterior aortic leaflet Above each on the inner surface of the aorta 
IS an ulceration («) to which the free end of the corresponding vegetation 
extends The aneurysm (a) is above the anterior leaflet The mouth of the 
right coronary artery at the lower end of the aneurj^sm is concealed but the 
vessel IS patulous 


of the aneurysm the transition to healthy appearing aortic wall was abrupt 
The rest of the aorta grossly appeared quite normal, except for one small 
subintimal yellow area 2 5 cm above and to the left of the aneurjsm 

A section taken at the edge of the aneurysm running from the normal 
aortic wall into the ulcerated infiltrated area showed the following Where 
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the ^esscl \\all is grossh unchanged the mtimal surface is largely missing, 
hut \\hat IS present seems thickened The internal elastic lamina is fairly 
solid The media is irregularly degenerated, the muscle fibers m places being 
replaced bj deep cosin staining spots and strands, at which places the elastica 
IS also absent Deep in the media, round cells begin to increase The 
ad\entitia is \ery Mide and consists of highly vascular, irregularly placed, 
strands of poorly stained connective tissue with a little muscle Many of the 
\essels ha^ e a mantle of round cells Some show distinct mtimal swelling 
and one obliterated lessel is seen There are a few round cell groups aside 
from the perivascular ones The transition from the better preserved aorta 
to the aneurvsmal part is indicated by a loose fibrous tissue participated m 
bj the mtima and media Elastic tissue of the former practically disappears 
or becomes granular onlv, and of the latter is only fragmentary The adven- 
titia at this point is similar to that m the area previously described but some- 
what more cellular, the elements being lymphoid and plasma cells A few 
polvmorphonuclear cells were seen The blood vessels have distinctly more 
cellular walls At the aneurysmal end of the section is an atheromatous 
abscess around the walls of which are polymorphonuclear cells, a few swollen 
cells of the endothelial t 3 pe, some with phagocytic properties, and detritus 
Xo bacteria were found in the sections stained for that purpose 

Comment — It is apparent from the pathologic examination of the 
aneurysm that the inflammatory process involving the aorta must have 
been present for some time a matter of at least months In places 
the inflanunator) reaction had almost completely subsided and the 
normal structure of the artery had been replaced by fibrous tissue 
On account of the duration of the condition, the pathogenesis of the 
aneurism is obscured One of two modes of infection of the arterial 
wall seems probable The infection may have been directly transferred 
to the inner surface of the aorta from the large ragged vegetations 
on the aortic valves which must constantly have come in contact with 
It This view IS favored by tlie finding of two acutely ulcerated areas 
in the aorta corresponding to the position in which the tips of two 
long V egetations would likely be thrown at each systole of the ventricle 
On the other hand a mycotic embolic infection through a coronary twig 
supphing the aorta cannot be excluded, and in view of the close 
pro'fimit) of the infective material to the exit of the coronary arteries, 
has just as much to support it as infection of the artery by contiguity 

CvsE 2 — Histoiv — B, negro, male, aged 49, was admitted to the Uni- 
vcrsitv Hospital, Nov 4, 1921, complaining of aches and pains all over his 
bodv He stated that about two jears before admission he began to suffer 
from attacks of dizziness, and a jear later he began to feel constantb' tired 
and drowsv and had pains in his neck, chest, back and left leg These sjmp- 
toms persisted, and m addition, about six months ago, he noticed dyspnea 
on exertion Four months ago, he had to give up work Recently he thinks 
he “caught cold” and feels much worse since then He has lost about 30 pounds 

He had gonorrhea at 18, and two severe and several mild attacks of rheu- 
matism the first attack at 20 Three vears ago he had a hard pimple on the 
penis which disappeared in five davs He is a restaurant waiter and his 
meals are irregular He has not used tobacco or alcohol excessively He is 
married his wife is living and well and has had one healthy child but no 
miscarriages 
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Physical Examination — He was a well nourished negro who did not appear 
as old as his stated age of 49 The oral mucous membrane was pale, the breath 
fetid and the tongue coated There was moderate pyorrhea and several broken 
tooth crowns The tonsils were large, congested and cryptic The chest was 
somewhat barrel-shaped but the lungs were clear throughout The heart was 
enlarged, principally to the left By percussion, the left base w'as 13 cm 
and the right base 4 cm from the sternal line The supracardiac dulness 
measured 6 cm m the first interspace and 8 cm in the second The apev 
impulse W'as diffuse and its outer border was in the fifth interspace just 
outside the inidclavicular line No pulsations over the base w'ere noted There 
were no thrills There were systolic and diastolic murmurs over the aortic 
area An occasional extrasystole was heard The pulse was of the collapsing 
type Traube and Durosiez signs and a capillary pulse were present The 
blood pressure was 125 systolic Examination of the abdomen w'as negative 
and neither spleen nor liver were palpable The left knee was tender and 
swollen from effusion about the joint Motion caused some pain 

After his admission to the hospital, the patient became more comfortable 
and in a few days the effusion in the knee subsided but did not disappear 
altogether The temperature was irregular, varying beween 97 and 103 F , 
and did not fall with the improvement in the knee joint The pulse range 
W'as from 90 to 120 

Laboi aioi y Examination — The urine examinations showed traces of albumin, 
hyaline, light and dark granular casts, a slight excess of leukocytes and on 
some examinations a few erythrocytes The first blood count showed 3,600,000 
erythrocytes, 5,600 leukocytes and 66 per cent hemoglobin The differential 
count was normal The Wassermann test was negative Two blood cultures 
w'ere positive for a short chain nonhemolytic streptococcus The phenol- 
sulphonephthalein excretion was 40 per cent in two hours, and the blood 
urea nitrogen was 19 mg per 100 cc 

Diagnosis — A diagnosis of subacute infective (streptococcic) endocarditis 
was made 

Couise — November 16, there developed w'lthin the course of a few hours, 
complete left sided hemaplegia The next dav there w'ere symptoms of men- 
ingitis, and a spinal puncture was done The fluid was under great pressure 
and slightly cloudy There were a great many leukocytes in the fluid and a 
streptococcus was grown resembling the one found m the blood culture After 
a few days, the meningeal symptoms disappeared, but the hemiplegia remained 
These phenomena were regarded as due to the lodgment in the brain of a 
septic embolus from the heart 

Symptoms of cardiac failure and passive congestion developed gradually and 
death occurred Jan 4, 1922 

Neciopsy Repoit — The necropsy w’as performed by Dr Baldwin Lucke to 
whom we are indebted for the pathologic report and the photographs of 
specimens 

Gross Anatomic Diagnosis Aorta Arteriosclerosis, early mycotic aneu- 
rysm Heart Hypertrophy, cloudy swelling, acute ulcerative and vegetative 
aortic and mitral endocarditis, slight coronary sclerosis Lungs Chronic 
passive congestion with superimposed edema and terminal congestion Spleen 
Septic infarction , acute diffuse splenitis Kidneys Chronic tubular nephritis , 
slight arteriosclerosis, infarction, slight hydronephrosis of left kidnej 

Detailed Inspection of Heart and Aorta The heart is greatly enlarged, 
somewhat globular in shape, and measures 14 by 12 5 cm , w'eight, 550 gm 
The epicardium is smooth and glistening and contains a normal amount of 
fat The muscle is very dull, turbid and grayish browm The left \entricular 
w'all averages 20 mm and the right 3 mm in thickness The papillary muscles 
are normal The aortic leaflets are the seat of large soft vegetations, the 
right posterior cusp is almost entirelj destro^ed the other two cusps possess 
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eroded margins The mitral leaflets at their bases and midway between the 
base and the edge are covered with a few soft vegetations, the largest being 
about the sire of a pea The legetations also extend down the chordae ten- 
diiicae The piilmonarv and tricuspid lahes have normal leaflets The coronary 
arteries are slight!} sclerotic The aorta has normal calibre but much dniiin- 
ished elasticiti There are numerous, slightly elevated, hyaline and athero- 
matous patches, hut nowhere any puckering The aortic branches are slightly 
stiffened and ha\e a slightly corrugated intimal surface About 1 cm above 
the left posterior cusp there is an ulceration of the aorta This has an oval 
shape and measures IS by 10 mm The margins are fairly smooth The 
erosion affects the intima and the greater part of the media The bed of the 
ulceration consists of somewhat une\en fibrous tissue, probably adventitia 
No definite bulging has as ^et occurred, at the most there is slight cupping 
Section Through \"egetation from Heart Valve The vegetation is papil- 
loma-like, consisting of almost homogeneous eosin staining blood material in 
which are e\cr\ where sprinkled irregularly deep blue staining bacterial col- 
onics (cocci) 



^ 'S' 2 — Case 2 The aneurysm (o), the surface of which measures 15 by 
10 mm IS seen about 1 cm above the left posterior leaflet 

Section Through Aneurysm of Aorta There is an abrupt o\al out-pouching, 
the walls of which consist of \er} much altered aortic tissue On either side 
ot the out-pouching, the aorta possesses a fairh normal intima with only here 
and there a slight Iia aline thickening, the h^ aline substance is sometimes 
broken up and contains large cells with fat droplets The media is unchanged, 
except that around some of the ^asa aasoriim there are mantles of small round 
cells, groups of similar cells arc scattered through out both media and adaentitia, 
being particularh prominent in the latter In addition, a few' larger vessels 
in the ad\entitia possess irrcgularh thickened walls with In aline plaques m 
the Ultima At the edges of tlic out-pouclimg, the muscular and clastic fibers 
are suddenh cur\cd outward and soon lost At the base of the out-pouching 
there are small areas where much distorted remnants of elastic and muscular 
fibers can still be rccognired Generalh, the wall of the dilatation consists 
01 a much thinned out ad\entitia, which is composed of loosely arranged 
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fibioiis tissue, between which aie scatteied gioups of small round cells and 
occasional larger pignient containing phagocytes The media is only repre- 
sented by the traces of muscular and clastic fibers mentioned There is an 
inner lavei of newly formed tissue thrown into irregular folds and projections, 
it consists of veiy young connective tissue, the cells of which are stellate 
and embedded in a mucinoid ground substance Internally, an endothelial 
lining covers this newly foimed tissue, and is continuous with the endothelial 
lining of the more normal aorta Bacterial stains failed to bring out any 
bacteria , stains foi spirochetes were likewise unsuccessful 

Couimcnf — The aneniysm found in this patient’s aoita was so 
small (Fig 2) that clinical exiclences of its presence could not be 
expected and none weie discoveied 

Theie weie several unusual features of interest fiom the patho- 
logist’s Mewpoint In none of the cases previously leported has com- 
plete 01 viilually complete healing of an aoitic mycotic aneuiysm been 
obser\ed A numbei of cases have shown healing m part of the 



Fig 3 — Case 2 Low jiower magnification, photomicrograph of section of 
the entire length of the aneurysm, stained for elastic tissue At the edges of 
the aneurysm the clastic libers arc suddenly curved outward and soon lost At 
the base of the out-pouching small remnants of elastic and muscular fibers can 
still be rccogni/ed 


aneuiysm, but at the same time, active inflammatoiy piocesses weie 
going on m other paits Accoidmg to Dr Lucke, the flooi of the 
aneurysm m tins case had been entirely coveied over by a new growth 
of endothelium continuous with the endothelium lining the adjacent 
healthy portion of the vessel No foci of acute inflammation were 
found anywhere The destructive processes involving the media and 
the intima wei e of the usual type These two tunics had been desti oyed 
practically completely and were replaced by the layei of young connec- 
tive tissue and endothelium pieviously mentioned As shown in Figure 
3, the wall of the aneuiysm was much thinner than that of the normal 
pait of the aoita 
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On account of the chronicity of the aneurysm (Dr Lucke estimated 
Its age at six \\eeks at the ^ery least), and the fact that the inflammatory 
processes had subsided, there \\as not much evidence on which to 
determine the route b} uhich infection had been brought to the artery 
Infection by continuity from the aortic valve could be excluded as 
the ^essel between the aortic lalve and the aneurysm w^as not involved 
There is little likelihood that the infection had been implanted diiectly 
from the \alve on the aorta as theie w^ere no vegetations piesent at 
the time of necrops} anywdieie nearly long enough to have reached 
the area of the aneurysm It w'ould seem most probable that a minute 
embolus had entered the coionary circulation from the diseased aortic 
vahe and become blocked in one of vasa vasorum supplying the first 
portion of the aorta, initiating an inflammation that resulted m a true 
mycotic embolic aneurysm Another possibility, although less likely, 
is that the process started as a metastatic infection of the inner surface 
of the aorta 

M\COTIC AM-UR\SMS IN BRANCHES OF THE SYSTEMIC ARTERIAL TREE 

Tw'o cases that fall in this group, both of which weie somewhat 
unusual haie been obsetved recently in the Univeisity Hospital 

C\si 3 — Histoi \ — A W, male, white, unmarried, aged 44, was admitted 
to the Unnersitv Hospital, Sept 19, 1917 About three months previous to 
admission, he had begun to have chills, fever and sweats which recurred at 
irregular intervals In August a tooth was extracted for root abscess and 
pus evacuated Since then there had been no more chills and the tempera- 
ture, which had previoiish gone as high as 104 3 F, no longer exceeded 101 F 

Pliv^ical Liatiivtaliou — The heart was found moderately enlarged, and there 
were blowing sjstolic murmurs at the apex and base There were some rales 
at the right base posteriorly The liver was enlarged and extended 6 cm below 
the costal margin The spleen was easilv palpated on deep inspiration There 
was slight tenderness along the course of the left femoral artery extending 
from Poupart’s ligament halfwaj down the thigh Small purpuric spots were 
noted in the skin The blood pressure was 145/95 

Lal’oiatoi V Eiamvtatwn — The blood examinations showed a slight secondary 
tvpe of anemia with from 4100,000 to 4,220,000 erythroevtes and from 77 to 
82 per cent hemoglobin The leiikocjte count varied between 8,200 with 71 
per cent of polymorphonuclear cells, and 16,800 with 84 per cent of poly- 
morphoiuiclears The urine showed small amounts of albumin and occasional 
casts and red cells A blood culture remained sterile Two examinations 
of the blood for malaria were negative 

Coutsc — There was no change noted in his condition until September 29, 
when he complained of severe pain in the left groin Slight swelling was 
noted in this area along the course of the femoral vessels Moderate but 
irregular temperature, varving between 97 and 100 8 F, and a pulse range 
between 95 and 115 continued as before The nam was very severe for a 
lew davs and then improved but persisted in lesser severitv for a month or 
more October 20, a distmctlv localized tumor about the size of a walnut and 
with expansile pulsation was noted just below the left Poupart’s ligament in 
the region that had previoiislv been tender and swollen The mass remained 
about the same size for a week or two but then began to grow smaller and 
the pulsations less marked 
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The patient left the hospital on November 2 without any improvement m 
his general condition, but the pulsating mass continued to decrease in size and 
finallj disappeared altogether He died about a month later of gradually 
increasing toxemia and heart failure 

Comment — In spite of the one negative blood culture, the diagnosis 
of subacute infective endocaiditis seemed cleai in this patient, based 
on the presence of chills, sweats, the persistence of irregular fever, 
cardiac enlaigement and murmurs, enlargement of the spleen, embolic 
phenomena in the skin and kidney's and progressiveness of the condition 
eAentuating m death 

The course of events leading up to the formation of the aneurysm 
was somewhat out of the oidinary There was no evidence of arterial 
plugging by an embolus nor disturbance of circulation in the leg At 
first the condition was thought to be a femoial phlebitis but later the 
signs of aneuiysm became unmistakable The most unusual feature 
was the rapid subsidence and eventual disappearance of clinical evi- 
dences of the aneui3'sm 

The occurrence of the aneurysm during the course of a subacute 
infectue endocarditis, its rapid development and short course are in 
favor of the nature of the process being mycotic, there is no other 
reasonable explanation for it Its situation near the point where the 
profunda femoris is given oft would suggest that an embolus might 
ha\e been lodged theie, hut in the absence of definite signs of embolism 
the question cannot be decided 

C\SE 4 — Htstoiy — E R, w'hite, male, aged 18, was admitted to the Uni- 
^ersltv Hospital Sept 10, 1921, complaining of weakness, swelling of the legs 
and abdomen and palpitation of the heart At the age of 5, he had a severe 
attack of acute rheumatic fever that kept him in bed for several months He 
was then well until 8, w'hen he had an illness said to be heart trouble with 
high fever From this time on, he was never strong and always had palpita- 
tion of the heart on exertion In 1916, he began having attacks of decom- 
pensation but recovered fairly well between attacks The present illness began 
in April, 1921, and although he has had periods of some improvement, the 
tendency has been downward He is very weak and short of breath, his 
abdomen and legs have become greatly swollen and he suffers from palpitation 

The patient is a Russian Jew and came to this country in 1912 Up to 
the present attack he had attended school, except during his periods of 
decompensation 

Physical Examination — The boy had a fairly well developed frame but poor 
musculature He was distinctly orthopneic The skin was yellowish and muddy 
but there was no discoloration of the sclerae There was generalized edema, 
involving the legs and flanks particularly The left arm below the elbow 
W'as greatly swollen, owing to thrombosis in the axillary vein The heart was 
tremendously enlarged, extending by percussion 6 cm to the right of the mid- 
hne, while the apex impulse was felt in the left midaxilla The supracardiac 
dulness was 9 cm in the first interspace and 11 cm m the second In the 
second left interspace there was an impulse systolic m time There was a 
short systolic murmur at the apex and a markedly accentuated pulmonic second 
sound The cardiac action was rapid, usually totally irregular, but with 
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occasional short periods of rapid regular rhjthm There were moist rales at 
the bases of both lungs, the luer was markedly enlarged and signs of a 
moderate degree of ascites were present The blood pressure w^as 110/75 
Coming from behind the right sternoclavicular joint and extending upward 
and outw ard about 3 cm , there was a mass approximately 2 cm m diameter, 
apparenth just underneath the skin Over it w'as seen and felt a violent 
expansile pulsation, svstolic m time The mass w'as not tender, the skin w'as 
freeh mo\ahle o\er it and there was no evidence of inflammation It could 
be collapsed h\ pressure It divided into twm branches, one of which extended 
outward and the other up into the neck The pulse m the right brachial and 
radial arteries was w'eak but could not be compared w'lth that of the left 
side on account of the venous thrombosis and great swelling of the left arm 
Lal>otalot\ Exanimafwn — The blood examination showed 5,500,000 erythro- 
c\tes, 12 900 leukoc\tes and 96 per cent hemoglobin The differential count 
was normal The Wassermann reaction w’as negative The urine contained 
a cloud of albumin and manj' casts, the phenolsulphonephthalem excretion w'as 
25 per cent in two hours and the blood urea nitrogen w'as 60 mg per 100 cc 
The blood culture remained sterile Roentgen-ray examination of the chest 
showed a tremendoush enlarged heart but no evidence of aneurvsni either of 
the aorta or the pulmonary artery Electrocardiograms showed auricular fib- 
rillation with occasional short periods of regular ventricular tachycardia Pulse 
tracings made simultaneouslj over the pulsating mass and the right radial 
arten showed the upstroke of the pulse w^ave in the latter approximately 
0 25 second later than that obtained over the mass 

Coutsi — The patient remained m the hospital ten days He was given large 
doses of digitalis w ith onlv slight improvement in his condition At no time 
was there anv elevation of temperature or clinical evidence of active infection 
There w'as no change noted m the mass m his neck It gave no symptoms 
and he had not been aware of its presence 

Diagnosis — Chronic mjocardial disease, probably mitral valvular disease of 
rheumatic origin , severe cardiac decompensation with passive congestion and 
edema , auricular fibrillation and paroxysmal ventricular tachycardia , chronic 
glomerular nephritis, aneurvsm of the outer end of the innominate artery 
It was reported to us by the patient’s physician. Dr J M Prince, that he 
died of heart failure ten dajs after leaving the hospital 

Comment — The point of particular interest in connection with the 
aneurysm observed in this patient is the question of etiology Aneu- 
rtsms of an) description in patients under 20 are extremely rare 
Le Boutillier m 1903, tvas able to collect onl) sixty cases Most 
aneur)sms m the )oung are either mycotic or due to congenital syphilis 
S)philis did not appear to be a factor in this patient There were 
no clinical evidences of the disease and the Wassermann reaction, as 
stated, was negatne On account of the lack of history of the time 
of development of the aneur)sm, such possibilities as a congenital 
or traumatic etlolog^ cannot be ruled out altogether Both, how'^ever, 
are beyond the hounds of probability On the other hand, the history 
of se\ere rheumatism, also an obscure attack of fever wnth cardiac 
imolvement. the extensive heart disease, the location of the aneurysm 
at a bifurcation of an arter) and the lack of eMdence of aiterial 


25 Le Boutillier Am I Af Sc 125 778 1903 
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disease elsewheie, suggest slioiigly that the anemysm owed its oiigin 
to an infected embolus fioni the heait and for this leason is included 
in the senes of cases heie lepoited 

DISCUSSION 

Ivcidcjtcc and Dtsti ibiifwn — Wq have collected fioin the hteiatuie 
all the cases we could find that appeal to fall in the gioup undei 
discussion Including the foui cases lepoited in this papei, we weie 
able to gathei 217 cases The aneuiysms legaided by the oldei 
writeis as embolic aie included, since in most of them, the case leports 
show cleaily that they ueie leally mycotic-embohc The few cases in 
which a diagnosis of rheumatic aneuiysm of a peiipheial arteiy seem 
justified are included in spite of the fact that the natuie of the rheu- 
matic Ml us IS not established, since their clinical manifestations weie 
similar to those of mycotic embolic aneurysms The clinical repoits 
of rheumatic aneunsms of the aich of the aoita have been excluded 
foi reasons that will be discussed lalei 

Arteries in all paits of the bodj^ and of vaiious sizes, fiom the 
very largest to tiny unnamed vessels (the lattei paiticulaily in the 
hi am), may be the seat of mycotic aneuiysms Eppingei has called 
attention to then multiplicity, stating that it is one of the most constant 
featuies of the condition In this group of 217 cases, moie than one 
aneurysm was found in toity-nme If complete neciopsies had been 
made in all cases, doubtless many moie would have been discoveied 
The vaiious aiteries and then unnamed blanches were involved 264 
times (Table 1) with a total of 382 plus “numeious aneurysms m 
thiee cases ” In quite a numbei of cases, seveial or many branches of 
one aitei}'^ exhibited aneuiysms 

The aitery most fiequently involved is the aoita, sixty-six cases 
with a total of eighty-eight aneuiysms having been found The 
favorite site is the loot and ascending aich Next to the aoita, 
abdominal vessels, namely the supenoi mesenteiic, the hepatic and 
splenic are attacked, and in these aiteries mycotic infection is one of 
the most impoitant causes of aneurysm Inti aci aiiial aneuiysms weie 
found 111 only thiity-four cases, but the total number of aneuiysms 
was high because of then multiplicity, paiticulaily when small vessels 
weie involved The middle ceiebial and its distiibution, paiticulaily 
the artery of the sylvian fissure was the most fiequent situation of 
the inti acranial aneuiysms The aims and legs weie almost equally 
involved, the formei in twenty-thiee and the lattei in thiity-one cases 
The aneuiysms in the extiemities were found most often in the large 
arteiies, the femoial and brachial They aie laie in the pulmonaiy 
aiteries as compaied with the systemic, doubtless' owing to the compara- 
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tne infrcquenc} of right sided endocarditis There were only six 
cases of aneurysm of the pulmonary arteiy and eight of its branches 
Etiology — Mycotic aneurysms of intravascular origin always occur 
in association with some underlying infectious process, usually situated 
within the cardiovascular apparatus Rarely, they follow blood stream 
infections from other sources In this series of 217 cases, there was 
eiidence of endocardial disease m 187, the lemainmg thirty cases occur- 
nng m connection with a cariety of infections 

1 \BLr 1 — Distribution or Mycotic Aneurysms of Intravascular Origin 


trterj- 

Number of Cases 

Total Number of Aneurysms 

tort a 

66 

88 

innomimto 

2 

2 

Y ( rtcbr il 

i 

1 

B'l'^ilar 

4 

4 

Internal carotid 

3 

3 

Interior cerebral and main branches 

3 

3 

Yliddlc cerebral and main branches 

14 

23 

Posterior cerebral 

1 

1 

Posterior eommiinicans 

O 

2 

Small unspecifled intracranial 

14 

49+ (Numerous in 

Subclatian 

1 

1 tao cases) 

V'^lllarv 

3 

3 

Bracblal 

10 

10 

Itadial 

5 

5 

Ulnar 

5 

6 

Common Iliac 



Ettcmal iliac 

2 

2 

Internal Iliac 

1 

2 

Gluteal 

3 

3 

I emoral 

16 

17 

Profunda fcmoris 

2 

2 

Popliteal 

5 

5 

Posterior tibial 

S 

8 

Coronarj 

9 

22 

Superior mesenteric and branches 

24 

38 

Splenic and branches 

15 

15 

Renal and brandies 


5 

Hepatic and branches 

19 

19 

Pulmonary 

0 

6 

Pulmonary branches 

8 

31+ (Numerous in 
one easel 

lotal 

261 

382+ (Numerous in 
three cases) 


The t)pe of endocarditis usually found is what is commonly called 
subacute infective or bacterial endocarditis, the endocarditis lenta of 
Schottmuller, characterized by subacute or subchronic course, luxuriant 
\egetations on the heart Yahes, bacteremia and widespread embolism 
The aneurysms also occur, but less commonly, in other types of endo- 
carditis, varying from highh acute malignant forms of the disease 
to apparently quiescent lesions The importance of true rheumatic 
endocarditis, except indirectl} as it may offer a facorable site for the 
dcYclopment of bacterial endocarditis, is undoubtedly small In cases 
in vhicli pathologic studies accompany the reports of aneurysms 
regarded as rheumatic, the findings have resembled more closely 
tho'^e of bacterial than those of rheumatic endocarditis In a few 

26 Klotz J Path S. Bactenol 18 259, 1913 
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cases of peripheial aneurysms with embolic phenomena, the couise 
and outcome seemed to justify the diagnosis of rheumatism as opposed 
to subacute infective endocaiditis 

In the cases without endocarditis, lung and bone infections have 
been most often the source of the bacteiemia In ten cases there had 
been pneumonia, in thiee, septic lung infection, and in six, osteomyelitis 
Other sources of infection were believed to be cystitis, gonoirheal 
rheumatism, infections of fingers and hands, phlegmonous angina, 
typhoid fevei, influenza and anthrax 

The case for typhoid fever and anthiax is not pi oven Four cases 
of supposed typhoid aneurysms have been leported, two of the aorta, 
one of the hepatic artery and one of the femoral In the aortic cases, 
reported b} Gils and Flecker,-" neither the diagnoses of typhoid 
fevei noi aneurysm could be regarded as substantiated from the 
evidence presented In the other two cases reported by Quincke 
and Cathcart,-^ the diagnosis of typhoid was not established Oliver’s 
case^® was the only one believed to be due to anthrax, based on the 
finding of rods and spores resembling anthrax bacilli in sections of 
the aneur}'sni No cultures weie made, nor did the clinical picture 
and pathologic findings resemble those found in anthrax infections 
Influenzal infections m the form of an influenzal endocarditis may 
cause aneurysms, cases of this sort having been reported by Wein- 
berger,^^ Horder and Simons But whether or not the epidemic 
lespirator)’’ infection influenza ever causes aneurysm, is not so clear 
Boinet has insisted that it does, but no definite relationship between 
the infection and aneurysms is evident m the cases cited by him 
Johnson recently reported a case of aneurysm of the hepatic artery in 
a young man m whom symptoms of the aneurysm developed several 
months aftei the attack of influenza Tins case, by no means con- 
clusive, IS the most suggestive thus far reported It may be noted that 
the onset of subacute infective endocaiditis not rarely suggests influ- 
enza and the later development of aneurysm might, therefore, readily be 
attributed to this infection There is some evidence that influenza may 

27 Gils Arch med et de pharm Militaires 22 102, 1893 Hecker Deutsch 
]\Iil-arztl Ztschr 22 1, 1893 

28 Quincke Berl klin Wchnschr 8 349, 1871 

29 Cathcart Southern M J 2 593, 1909 

30 Oliver Lancet 2 1033, 1891 

31 Weinberger Ztschr f klin Med 62 456, 1907 

32 Simons Quart T M 7 291, 1913 

33 Boinet Nouveau Traite de Medecine, Maladies des Arteres et de I’Aorte 
24 169, 1913 

34 Johnson Hospitalstid 63 860, 1920 
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hasten the de\ elopment of an aneurj^sm in an artery previously aftected 
Schelle^'' recorded a case in which ruptuie of an aneurysm of the 
descending aorta occurred during an attack of influenza He believed 
the aneurysm had been present before the influenza, but that the rupture 
^\as due to the settling of the influenzal mycosis in the aneurysm 
Huchard obseived rapid development of an aneuiysm of the aorta 
in a patient ivitli “gouty aoititis” during the course of an influenzal 
infection followed by pneumonia 

Malaria was formerly regarded as a cause of aneurysm but this 
Mew is no longer held Possibly, the iriegular fever of endocarditis 
may hare occasioned the belief 

Age and Sex — ^The age and sex of patients with m 3 '^cotic aneurysms 
IS determined by the age and sex incidence of the diseases giving rise to 
the aneurysms The age was stated in 174 cases and is summarized by 
decades m Table 2 The youngest patient was 4 years old and the 


TABLE 2 — Age of Patients Arranged b\ Decades 


rpc 

Number oi Oises 

1-10 

14 

11-20 

50 

21-SO 

57 

31-tO 

82 

n-iK) 

14 

3i-r>o 

Ol-TO 

5 

1 

n-so 

1 


oldest 78 Most cases occur during the second, third and fourth 
decades This is in marked contrast to syphilitic aneurysms which 
are found most often in the fifth decade The sex was stated in 178 
cases, of which 121 were males and fifty-seven females 

Bacf otology — In the cases with* endocarditis, there has usually 
been little difficulty in demonstrating organisms in stained sections of 
the heart valves, and frequently they have also been found in the 
aneurysms But apparently the arterial walls do not furnish so favor- 
able a habitat for them as the heart valves for they tend to disappear 
from the aneurjsms as the latter arrive at more chronic stages Our 
Cases 1 and 2 illustrate the fact that organisms may be present in 
abundance, yet none are to be discovered m the aneurysms themselves 
The organisms most frequentl) recovered from blood cultures, 
cultures from the heart valves or from the aneurysms have been 
streptococci, mostly nonhemolytic types Staphylococci and pneumo- 
cocci hare also been found a number of times In at least three cases 


35 Schelle Inaugural-Dissertation Wurzburg, 1893 

36 Hucbard T Pract p 579, 1896 
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the influenza bacillus has been cultuied and once the gonococcus 
Vaiious lod forms have been seen in sections but have not been 
cultui ed 

Pathogenesis — Mycotic infection of arteries from within, leading 
to aneni}sm foimation may occui in the following ways (1) by the 
lodgment of infected emboli in the luniina of vessels or in the vasa 
vasoium, (2) by the settling of bacteria on the inner surface of a 
\essel or m the vasa vasorum, and (3) by continuity or contiguity of 
infection fiom the aortic or pulmonic valves 

In the development of mycotic aneuiysms beyond the aoita and the 
pulmonaiy aiteiy, emboli usually play an important part The size 
of tlie vessel invohed depends on the size of the embolus Rarely, one 
IS large enough to be caught at the bifui cation of the aorta, and in 
Aitken’s case an infected embolus held there was believed to have 
gnen use to an aneurysm Eppinger has pointed out that mycotic 
embolic aneui 3 ^snis aie found m situations where emboli are most liable 
to lodge, namel}^ the bifurcations of aiteiies, places wheie the lumen 
rapidly nariows or wheie the vessel makes a shaip turn 

The part usually played by the embolus, so far as aneurysm for- 
mation IS concerned, is that of bunging infection in contact with the 
\essel wall The role was well demonstrated m a case reported by 
Pel m which a soft iiding embolus, partly in the femoral and partly 
in the profunda femoris but not obstructing either vessel, had given 
rise to beginiung aneurysm of the femoial at the point where it lay 
in apposition to the wall of the artery 

Mechanical injuiy of vessel walls by emboli is rarely, if ever, moie 
than a minoi factoi m the pioduction of aneurysms We have cited 
above the more lecent cases regarded as of purely embolic oiigm and 
called attention to the inconclusiveness of the evidence in suppoit of 
that view 

Aneurysms due to emboli earned through the vasa vasorum are 
usually found in the ascending arch of the aorta oi nearby Typical 
cases have been reported by Osier, ^ Eppingei,^ and J McCiae,®® and 
others The location of the aneurysms and the close pioximity of 
aortic valve vegetations to the mouths of the coronary artenes in such 
cases suggests the view that tiny emboli are earned through the 
coionary arteries to the twigs supplying the region of the ascend- 
ing arch 

Almost invaiiably, mycotic embolic aneurysms in the systemic 
artenes are associated with left sided endocarditis and in the pul- 

37 Ailken Bnt M J 1 1655, 1898 

38 Pel Ztschr f klin Med 12 327, 1887 

39 McCrae J Path & BactenoJ 10 373, 1904-1905 
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monary arteries with right sided endocarditis Entz/® however, reported 
a case of aneurysm of the pulnionar} artery m which there was only 
mitral endocarditis An embolus was believed to have been detached 
fiom the mitral valve, and to have traveled through a patulous ductus 
botalh to the pulmonar}- artery Beatty and Hall observed a case 
with an obscure septic infection, femoral venous thrombosis, and signs 
of pulmonar} embolism At the necrops)’’ aneurysms were found in 
branches of the pulmonary artery and it was suggested that embolism 
had occuiied from the venous thiombosis, although an organized 
thrombus was found in the right A'entricle so that the direct source of 
the pulmonary embolism remained uncertain 

Direct infection of the inner surfaces of arteries by bacteria circu- 
lating in the blood stream is very rare Uninjured intima is extremely 
icsistant to infection Glutton and Dudgeon,^- Edenhuizen^® and 
Merke,*'* in their cases of aneurysm, favored the view that infection of 
the artery had occurred in intimal defects due to preexisting arterio- 
sclerosis The aneur}'^sms were situated in the midk of patches of 
artenoscleiosis Merke found, in addition to aneurysms, verrucose 
deposits on calcified plaques Ruge^® was unable to decide in his 
case of coronar}’- aneurysm whether infection had begun on the 
inner sui face of the artery or in the vasa vasorum Moriani found 
plugs of diplococci within the vasa vasorum, and he believed that 
infection had arisen by that route in his case Jordan also believed 
that the infection, in the aneurysm of the aorta observed by him, had 
arisen through the vasa vasorum 

Aneurysms due to continuity or contiguity of infection from heart 
vahes occur in the beginning portion of tbe aorta and the pulmonary 
artery In these situations they are found more often than any other 
type of m3^cotic aneurysms It is often impossible to tell which of the 
tuo has been responsible for the arterial involvement Infection by 
continuity spreads from an aortic or pulmonary valve onto the vessel, 
producing first an endarteritis, and later, by penetration of infection 
to deeper la}ers, an aneurysm Infection by contiguitj'^ is carried 
directly from the valve to the vessel b}"- the slapping of the infected 
-vahe against the arterj^ wall Trauma may aid in the transfer of 

40 Entz Pester med -chir Presse 47 293, 1911 

41 Bcath and Hall Proc Roi Soc Med , London, Path Section, p 147, 
1912 

42 Glutton and Dudgeon Lancet 1 556, 1908 

43 Edenhuizen Frankfurter Ztschr f Path 16 150, 1914 

44 Merke Schweiz med Wchnschr 7 122, 1920 

45 Rugc Deutsch Ztschr f Chir 80 150, 1905 

46 Moriani Quoted from abstract in Ccntralbl f allg Path u path Anat 
21 427, 1910 

47 Jordan Lancet 1 515, 1903 



STENGEL-WOLFERTH— MYCOTIC ANEURYSMS 547 

infection Libman believes that the impact of a valve containing 
calcific material against the aorta, even m the absence of infection may 
cause a small aneurysm 

Whether or not aneurysm formation will occur following infection 
of an artery depends on the extent and degree of desti uctiveness of 
the inflammation If it remains localized to the intima, there may be 
ulceiation but no aneurysm If it begins in the deeper layers, tliere 
may be merely areas of necrosis or abscess formation Yielding of 
the vessel is dependent on destruction of the elastic tissue, paiticulaily 
the internal elastic lamina If destruction of tissue is very rapid, 
perforation may occur before the vessel has had time to yield, and there 
may be free hemorrhage oi the formation of a false aneurysm 

Infective lesions may occasionally be indirectly concerned in the 
formation of aneurysms In cases leported by Gilewski,^° and others, 
aneurysms of the pulmonary artery have followed a high giade mitral 
stenosis of rheumatic origin Hart®° reported an aneurysm of the 
right sinus of Valsalva until thin translucent walls He regarded the 
aneur 3 fsm as due to the loss of elasticity in the valve which was the 
seat of an old inflammation, Kraus also reported an aneurysm in the 
right sinus of Valsalva, which he ascribed to lack of support from 
the septum which had been weakened by an old ulcerative lesion just 
below the valve 

Pathology — Mycotic embolic aneurysms are found most often in 
those cases of infective endocarditis with particularly luxuriant and 
ragged vegetations on the heart valves Widespread embolism is usually 
a feature of these cases, and often other arteries are plugged with 
emboli beside those m which aneurysms are present Infarcts in the 
spleen or kidneys, or both, have also been observed m most cases 
Occasionally, at necropsy, emboli can still be found in the aneurysms, 
and in a few cases it has been possible not only to show their 
resemblance to vegetations on the heart valves but also to find the 
places from which they were detached In most cases, the embolus 
can no longer be found, probably because of disintegration 

Since most mycotic aneurysms occur before the age of 40 it is 
usual to find the vascular apparatus in excellent condition, except for 
the localized mycotic lesions Many writers have commented on the 
fact that the arteries in their cases appeared normal until one came 
on an area of ulceration or an aneurysm with sharply delimited edges 

48 Libman Am J M Sc 144 313, 1912 

49 Gilewski Wien med Wchnschr, p 524, 1868 

50 Hart Virchows Arch f path Anat 182 167, 1905 

51 Kraus Berl klin Wchnschr 39 1161, 1902 
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This abrupt tiansition from normal artery to aneurysm is in striking 
contrast to the condition of the vessels in the neighborhood of syphilitic 
aneurysms 

On account of tlieir widespread incidence throughout the body with 
different tjpes of tissues surrounding them, and the wide range in the 
acuteness and destructiveness of the inflammatory processes present, 
m}cotic aneuiysms ^aly greatly in size, appearance and other char- 
acteristics As a rule, they are much smaller than syphilitic aneurysms 
It IS rare even m the largest vessels to find one bigger than a walnut, 
except 111 the case of false aneuiysms, which may be much larger In 
the small vessels of the brain, they may be the size of a millet seed 
or a split pea or even smaller Often they will not be found unless 
specialty looked for on account of their minute size or owing to the 
fact that their thin walls ha\e become practically disintegrated 

Owing to the destructiveness of the inflaminatory processes, mycotic 
aneuiysms are prone to rupture To this fact, and also the rup- 
ture of aiteries even before aneurysm formation, is due the large 
number of false aneurysms found with their sacs consisting of com- 
pressed peiivascular tissue oi sometimes with a layer of adventitia 
partiall} surrounding a hematoma communicating with the lumen of a 
\essel This type of aneurysm is found most frequently in the 
peripheral arteries In such locations as the brain, the abdominal 
cavity or the arch of the aorta, rupture of an arterial wall is much more 
liable to be followed by free bleeding, so that the ventricles of the 
brain, the pericardium, a pleural sac or the peritoneal cavity may be 
found filled with blood But even in the mesenteric artery there may 
be a tiny perforation and the formation of a false aneurysm 

In the aneurysms caused by infection from the heart valves, one is 
liable to find the same type of inflammatory process in the arterial wall 
as in the \alves Frequently, vegetations have been observed growing 
about the edges or in the depths of aneurysms , sometimes they are so 
luxuriant as actually to fill the sac As a rule, there is little or no 
pus formation, but the disintegration of the vessel wall may be fairly 
rapid, and attempts at repair are pretty much in abeyance However, 
m the less acti\e subchromc types of inflammation, reparative processes 
are more in CMdence and the wall of the aneur}sm may be definitely 
thickened as m our Case 1 The aneurysms occurring m bacteremias 
not associated with endocarditis tend to be more acute and abscesses of 
the artery wall are more often found In Vanzetti’s case and also 
in others, the ualls of the abscesses that had given rise to the aneurysms 

52 Vanzetti Quoted trom re\ie\\ bj O Barbacci, Centralbl f allg Path 
u path -^nat 19 984, 1908 
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were still piesent In these cases the inflammatory process is usually 
highly destructive and quickly causes disintegration of the arterial wall 
and perfoiation 

The intima is usually intact to the edge of the aneurysm and 
occasionally coveis the niaigin and extends a short distance into the 
depth of the aneurysmal sac It is never found intact over the flooi of 
an aneurysm during the active mflammatoiy stage Occasionally, when 
infection begins in the depths of a vessel, there may be ruptuie of the 
intima with the formation of a mere slit entirely concealing the 
aneur}^sm underneath (Osier J McCrae^'’) The combination of 
endartentis, ulceration and small aneurysms seem in some cases, par- 
ticulaily m the aorta, may give the vessel a moth eaten appeal ance 
(McNeill =3) 

Vaiious stages of the mflammatoiy process may be found in 

difterent parts of the aneurysm, such as healing on one side and 

recrudescence of infection on the othei, leading to enlargement of the 
sac or to rupture In cases of multiple aneurysms, destructive processes 
may predominate in one aneuiysm and leparative processes in anothei 
The type of healed mycotic aneurysm described by Eppinger ® in which 
the floor of the sac has been covered ovei by a smooth lining membrane 
continuous with the intima is apparently very raie, although it had 
occurred in our Case 2 and to a certain extent m our Case 1 In 
peripheral arteries, if healing takes place, there is liable to be an 
obliteration of the aneurysmal sac and the lumen of the arteiy as 

well In Sanne’s case calcification of the edges of the aneurysm 

occuri ed 

In spite of the tendency of mycotic aneurysms to rupture, arterio- 
venous aneurysms have been described only by Simmonds,®^ Libman 
and Floyd®® In Simmonds case theie was an aneurysm of the aorta 
near the bifurcation with a sac that had ulcerated into the right iliac 
vein Libman found a communication between the sac of a femoral 
aneuiysm and the femoral vein In this case the diagnosis of arterio- 
venous aneurysm was made clinically Floyd’s case was quite similar to 
Libman’s 

Erosion of bone has been reported, so far as we are aware, only 
once In this case, described by Libman,^® ai\ aneurysm of the femoral 
artery eroded the femur 

Histology — The histologic pictures vaiy as widely as the gross 
appearances The most characteristic findings are loss of the intima, 
destruction of the elastic tissues, particularly the intemal elastic lamina, 

53 McNeill Southern M J 7 540, 1914 

54 Simmonds Munclien med Wchnsclir, p 627, 1904 

55 Floyd Surg, Gynec & Obst 33 560, 1921 
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and acute or subacute periarteritis and mesarteritis In the more acute 
cases micro-organisms are often found in enormous masses 

In some cases the transition from unmvolved vessel to the aneu- 
rysmal process is abrupt In others, undermining of the inflammatory 
process is found out into the vessel wall that grossly appears normal 
The Ultima may be flush with the edge of the aneurysm, destroyed for 
a distance beyond the dilated area or, on the other hand, may be found 
extending down a short way into the aneurysm The elastic tissue is 
always badly damaged and the internal elastic lamina is destroyed 
(Fig 3, Case 2) Apparently, it is w'eakened by the infection and 
finally ruptures The media musculans may be destroyed either par- 
tialh or completely, complete destruction occurs more frequently m 
the smaller arteries The changes in the adventitia vary from com- 
paratnely little damage to complete destruction wnth the wall of the 
aneurysm formed by penvascular tissues 

In the more acute aneur}'sms, there may be marked infiltration with 
pol) morphonuclear leukocytes , microscopic abscesses are not uncommon 
In some cases, such as those of Moriani,^® Klotz and McNeill the 
inflammatory process seemed to be centered particularly about the 
vasa vasorum When the inflammation is less acute, the cellular 
infiltration may consist of small round and plasma cells which are seen 
especially in the adventitia and about the vasa vasorum Often there 
are many fibroblasts At a later stage the artery structure is lost 
and the w'all of the aneurysm consists mainly of fibrous tissue Areas 
of poorly staining hyahne-like material are found and there may be 
calcification The vasa vasorum tend to be thickened and some are 
entirely obliterated Fragments of elastic tissue may still be present 
Our Case 2 is probably the best instance of repair of a mycotic 
aneurysm thus far described 

Chmcal Manifestations and Diagnosis — Usually patients are already 
under medical observation before the development of mycotic aneu- 
r}sms, on account of illness, due either to infective endocarditis or 
some other senous infection Thus in many cases reported, there 
has been opportunity to note from the beginning whatever clinical 
phenomena presented themselves 

In the ^essels of the extremities or other superficial arteries w^here 
it IS possible to study the clinical course of the aneurysms, the most 
striking feature observed has been their rapid evolution The onset 
ma}' occur in a vanety of wxws Most frequently the phenomena of 
embolism are obser\ed first and then m the course of a few days to 
se\eral weeks aneurysm de\elops Embolism, though present, may 
be o\erlooked and the condition of the lessel not suspected until a 
pulsating tumor has manifested itself Attention is sometimes directed 
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to a part by pain, on examination there may be only slight swelling 
or tenderness Such cases ha^e been mistaken for phlebitis (as m 
our Case 3), but when tumoi and pulsation develop, the eiror is easily 
recognized 

Some of the aneurysms rapidly go on to rupture so that the entire 
course from the beginning of symptoms may last only a week or two, 
but more often rupture does not occur for several weeks In peripheral 
aiteries, it may be manifested clinically by rapid enlargement of the 
tumor which tends to become somewhat boggy and indistinct in outline 
Pulsation may still be present With free rupture, the swelling usually 
becomes tense and painful In the cases that do not go on to rupture, 
the aneurysmal process may become quiescent or apparently healed with 
a peisistence of the tumor and pulsation, as in our Case 4, or as in our 
Case 3 and Unger’s case, the clinical evidences may disappear entirely 

Pam, especially during the period of development of the aneurysm, 
may be severe, and the part affected may be hot and tender, but these 
symptoms tend to subside as the piocess grows oldei The tumor in 
the larger vessels is often stated to be the size of a hen’s egg or even 
larger, but the aneurysms themselves are usually smaller, the mass 
being made up partly of the surrounding inflamed tissues or sometimes 
of a hematoma about the aneurysmal sac due to a small rupture. 
Expansile pulsation is present, often even in false aneurysms Pulse is 
usually absent distal to the aneurysm The circulation in the tissues 
supplied by the artery affected may be interfered with seriously, but 
gangrene has been reported in surprisingly few cases 

When superficial arteries are affected, the diagnosis is easy in typical 
cases The development of localized tumor and characteristic pulsation 
along the course of an arteiy and blockage of blood flow distal to the 
tumor, occurring in a patient with a septic type of infection, particularly 
endocarditis, is scarcely to be mistaken for any other condition It 
may not be possible to differentiate between true and false aneurysms, 
but this IS of no particular clinical importance In the early stages, the 
condition may escape detection or, as stated above, be mistaken for 
venous thrombosis 

In mycotic aneurysms of the thoracic or abdominal arteries, it is 
exceptional for signs to develop from which the diagnosis can be made 
or even suspected This is to be expected, m view of the small size of 
most of the aneurysms The first intimation of the condition may be a 
sudden fatal hemorrhage and commonly it is, as Jordan found in his 
case “a post-mortem surprise ” 

Out of sixty cases in which the root or arch of the aorta has been 
found at necropsy to be the seat of mycotic aneurysms, our Case 1 is 
the only one in which a clinical diagnosis was made The reasons for 
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tins diagnosis lia\ e been discussed above In Sanne’s ‘'® case, a diag- 
nosis of dilatation of the arch was made and in Lauenstein’s case, 
there was belle^ed to be inflammation of the beginning of the aorta 
but not aneurj'sm A clinical diagnosis was made by Baginsky in 
his case of abdominal aortic aneur3’^sm The patient developed a 
pulsating mass m the midabdomen over which a bruit could be heard, 
preMous to which she had shown evidences of septic infection and 
embolism in the right subclavian artery In Alexejew’s case, there 
i\as a palpable pulsation under the umbilicus and the pulse m the left 
femoral artery was smaller than in the right 

There are to be found in the literature clinical reports of about 
twent} cases in which the diagnosis was made of aneurysm of the arch 
of the aorta due to acute rheumatism or chorea These observations 
are encountered principally in the French literature, but there are a few 
from this country and also from Germany The aneurysms are 
described as occurring mostly in children oi young adults with aortic 
regurgitation and a histoiy of one or more attacks of rheumatism or 
chorea In some of the cases there was thought to be diffuse dilatation 
of the arch and in others localized ectasis It is unfortunate that among 
the patients who died, no necropsies were made In view of the degree 
of simple dilatation of the arch that may develop merely as the result 
of aortic regurgitation, particularly m the young, the diagnosis of 
aneurysm should be accepted with great caution in such cases, if at all 
The most convincing case of the group is the one reported by Bernei t 
in which signs of endocarditis were limited to the mitral valve and 
the fluoroscope showed spherical dilatation and pulsation of the descend- 
ing arch 

Aneurysmal dilatation of the pulmonary artery was diagnosed clin- 
ically and the diagnosis confirmed at necropsy in cases of mycotic infec- 
tion of the vessel by Buchwald and Salen In Salen’s case, the 
roentgen ray showed dilatation of the pulmonary artery, but in Buch- 
w aid’s case, the diagnosis was made on the clinical findings alone 

jMycotic aneurysm of the mesenteric artery has been diagnosed 
se\eral times, based on the finding of a pulsating tumor that either 
could be pushed about the abdomen or might be found first on one side 
and later on the other, occurring m a patient with infective endocarditis 
A bruit over the tumor has also been found of diagnostic value In 
one case, masses felt per rectum proved to be mesenteric aneurysms 

56 Sanne Rci ^lens des mal de I’cnf 5 56, 1887 

57 Lauenstein Deutsch Arch f klin Med 17 242, 1876 

58 Baginskv Bcrl klm Wchnschr 1 144, 1908 

59 Alc\e]e\\ Quoted from Le Boutillier, Am J M Sc 125 778, 1903 

60 Bcrnert Ztschr f klin Med 69 121, 1909-1910 

61 Salen Acta Jilcd Scand 55 631, 1921 
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One patient was opeiated on for supposed ruptured gastric ulcer and 
a bleeding mesenteiic aneurysm was found In another case, mesen- 
teiic aneurysm was mistaken for abdominal aortic aneurysm 

No clinical diagnosis of mycotic aneuiysms involving the othei 
abdominal visceral arteries has been reported In hepatic aneurysms the 
symptoms of pain over the region of the liver, jaundice and bleeding 
into the gasti o-iiitestmal tract have been observed The occurrence of 
these symptoms in a patient with a septic infection should strongly 
suggest the possibility of mycotic aneurysm of blanches of the hepatic 
artery within the liver 

Intracianial mycotic aneurysms have not been diagnosed clinically 
In man 3 >- cases, no symptoms were discovered that could be related to 
the aneuiysms found at necropsy Clinical signs, when present, have 
been meiely those of embolism, inti acranial hemorrhage or both 

Treafmcnt — Possibility of tieatment is limited almost entirely to the 
aneurysms involving superficial aiteries, although in a case leported 
by Stern,®- a mycotic mesenteric aneuiysm was successfully operated on 
The line of treatment to be adopted should be chosen with due 
legard to the character of the underlying infection When the infection 
was mild or had already subsided, ligation of the artery afifected or 
extirpation of the aneurysm has been performed several times, appar- 
ently with good results, but at least one fatality has been recorded 
incident to operation in such a case In the cases of typical subacute 
infective endocarditis with its practically hopeless prognosis, attempts 
at therapy should be directed mainly toward the comfort of the patient 
This can often be best secured by avoidance of operative measures 
Under such a regimen as rest to the part, local applications and 
sedatives as required to relieve pain, the aneurysms will sometimes 
retrogress or disappear entirely (as m our Case 3) The old treatment 
of compression of the artery above the aneurysm has been beneficial m 
some cases Operation may be necessary for the relief of pain oi for 
rupture of the aneurysm It may also be advisable if the aneurysmal 
process continues to progress or threatens to rupture For the most 
part, the results of operation have not been very satisfactor}- A con- 
siderable number of patients have died as a result of the operation oi 
their death has apparently been hastened by it and even those who 
recovered with a good local result usually died within a short time from 
their cardiac infection 

SUMMARY 

Three unquestionable cases of mycotic aneurysms of mti avascular 
origin and one in which this diagnosis is probable, are reported The 
following noteworthy features were exhibited by these cases 


62 Stern Bcilr ? klm Chir 57 315, 1908 
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1 Case 1 IS the first to be recorded in which a clinical diagnosis 
of mycotic aneur}sm of the arch of the aorta was confirmed at necropsy 

2 The aortic aneurysm m Case 2 was healed with replacement of 
destroyed media and intima by a thin layer of young connective tissue 
covered over by newly formed endothelium which had grown out from 
the intima at the edges of the aneurysm 

3 In Case 3, all clinical evidences of an unmistakable femoral 
mycotic aneurysm disappeared 

4 In Case 4, there was a violently pulsating but symptomless 
aneur)sm of the innominate arteiy that appeared to be healed, m a boy, 
aged 18, without any evidences of s)'philis, but with a history of acute 
rheumatism and an attack of fcA'er with cardiac involvement 

The cases of mycotic aneurysm of intravascular origin have been 
collected from the literature and on the basis of this material and our 
own, the etiology, pathology and clinical manifestations of the condition 
are discussed 


63 A complete list of references appears in the reprints 



DISTRIBUTION OF SUGAR IN WHOLE BLOOD, PLASMA 
AND CORPUSCLES, PERMEABILITY OF RED BLOOD 
CORPUSCLES FOR SUGAR IN DIABETIC 
AND NONDIABETIC CASES -i- 

HENRY J JOHN, MD 

CLEVELAND 

A sttid}’^ of the liteiature pei taming to the distribution of sugar in 
the blood shows a decided diveigence of opinion among different 
investigators 

Tachau ^ found that there was always a higher percentage of sugar 
111 plasma and a smaller percentage of sugar in the corpuscles than in 
whole blood In a report of their work on the permeability of the red 
blood corpuscles to sugar, Gradwohl and Blaivas - make the following 
statement “When the alimentary hyperglycemia begins and sugar is 
thrown into the circulation in increased quantit}^ it is first dissolved in 
plasma and penetrates the corpuscles secondarily As the h}q)erglycemia 
declines, the sugar content of the plasma goes down and the corpuscles 
then throw tlieir sugar m excess into the plasma Tachau attempts to 
explain by tins line of reasoning why it is that m the presence of a 
declining hyperglycemia of alimentary origin the serum loses its sugar 
and, strange to say, the corpuscles then hold more sugar than the 
plasma ” The conclusions of Gradwohl and Blaivas were based on 
twenty-four examinations They found that the amount of sugar in 
plasma, in whole blood and m corpuscles was nearly the same They 
conclude that their studies, which agree with the woik of Tachau, seem 
to disprove some of the theoretic views of the older physiologists 
who held that a part of the sugar in the blood was in a state of loose 
combination with some other substance This obsolete idea had 
previousl}' been shattered by the work of Rona and Michaehs,^ who 
showed that the blood sugar is in a state of solution and that when 
diluted blood is shaken with certain colloids, such as ferric chlorid or 
kaolin, the proteins form a colloidal combination and are absorbed The 
proteins can be precipitated quantitatively by the addition of a trace 
of an electrolyte, but no trace of sugar is removed from the solution 
by this treatment If the sugar were united with the proteins it would 
be carried down with them, and as the reagents used cannot have any 

* From the Cleveland Clinic 

1 Tachau, H Ztschr f klin Med 79 421, 1914 

2 Gradwohl, R B H , and Blaivas, A J J Lab & Clin Med 2 416, 1916 

3 Rona and Michaelis Biochem Ztschr 16 489, 1909, 18 514, 1909 
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107 

+23 

35 

50 

63 

+26 



40 


119 

+ 1 

107 

—10 

37 

104 


+ 2 



40 


143 

+16 

143 

+10 

35 

164 

KlIH 

— 3 



38 


210 

—18 

232 

—10 

38 

121 

Hi H 

— 3 



42 


384 

+82 

187 

—11 


91 

104 

+14 



40 

150 

100 

+ 7 

170 

+13 

37 

50 

03 

-1-26 



38 

03 

64 

+ 1 

113 

+80 

S3 

40 

51 

+28 



38 

96 

109 

+14 

120 

+25 

41 






36 

128 

128 


107 

—16 

39 

100 





30 

186 

183 

— 1 

154 

—17 

47 

22S 


— 2 



38 


197 

— 4 

176 

—14 



216 

— 0 



36 


138 

—33 

187 

— 9 

47 

09 

80 

+16 



38 

125 

125 


151 

+21 

50 

lOS 

118 

-1- 9 



46 

145 

112 

—23 

85 

-41 

45 

131 

150 

+15 



43 

125 

134 

+ 7 



51 

185 

180 

— 3 



40 

183 

200 

+ 9 

187 

+ 2 

41 

100 

123 

-1-10 



40 

172 

167 

— 3 

141 

—18 

39 

79 

88 

+12 



38 

162 

162 


150 

— 8 

38 

07 

78 

+16 



42 


107 


105 

2 

38 

120 

120 





75 

83 

+18 

94 

+25 

34 

148 

101 

+ 9 

128 

—14 

53 

128 

120 

— 6 

124 

— 3 

42 

121 

148 

+22 

128 

+ 6 

51 


190 

- 5 

176 

—15 

45 

no 

142 

+22 

129 

+11 

50 

146 

153 

+ 8 

158 

+ 8 

35 

104 


—42 

104 


44 

125 

133 

+ 6 

130 

+ 

39 

115 

79 

—31 

no 

+ 1 

61 


lOO 

— 6 

116 

4- 8 

37 

95 

102 

+ 7 

111 

+16 

35 

79 

81 

+ 2 

102 

+29 

37 

107 

177 

+ 0 

150 

—10 

32 


111 

+ 1 

114 

+ 3 

47 

107 

177 

+ 6 



30 


150 


150 


47 

102 

127 

+24 

146 

+44 

64 

156 

143 

— 8 

141 

—10 

42 

71 

79 

-1-11 

94 

+32 

33 

136 

141 

+ 4 

206 

+50 

44 

85 

116 

+37 

111 

+30 

31 




133 

+25 

42 

94 

108 

+15 

130 

+38 

42 

64 

83 

+30 



35 

171 

164 

— 5 

158 

— 8 

44 

125 



141 

+13 

38 

175 

178 

+ 1 

172 

— 2 

47 

222 

230 

+ 3 

206 

— 7 

35 

53 

53 


52 

— 2 



116 

—50 

236 

+ 3 

31 

78 

78 




24 

155 

158 

+ 2 

200 

+29 

23 

92 

109 

+18 

103 

+12 

47 

104 



158 

+52 


102 

102 


94 

— 8 

52 

54 

83 

+54 



38 

168 

151 

— 5 

130 

—14 

62 

98 

94 

— 4 

94 

— 4 

33 

104 

123 

4"18 

111 

4* T 


158 

158 


156 

— 1 

38 


111 

+ 1 

120 

+10 

38 

121 

122 

+ 1 

122 

4“ 1 

38 


09 

+ 0 

100 

+54 

44 

147 

136 

— 8 

129 

—12 

39 

91 

104 


94 

4- 3 

65 


120 

+ 8 

118 

6 

35 

107 

104 

— 3 

104 

— 3 

47 

82 

82 


88 

+ 7 

39 
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disruptive effect, the proof is complete that it is not possible for the 
sugar to exist in combination with the proteins 

Cammidge states that further evidence of the existence of dextrose 
in the blood in a free state is furnished by the observation that 
although charcoal when shaken with a solution containing both sugar 
and protein absorbs these two substances, it absorbs only the protein 
when acetone is present That is, the acetone, being more capable of 
absorption than the dextrose, prevents the latter from being taken up by 
the charcoal Further evidence of this conclusion is also furnished by 
the results of dial 3 'Sis experiments 

T^BLE 3 — Permeability of Red Blood Corpuscles to Sugar Diabetic 


Corpuscles Exposed to Action of Glucose 1,000 mg/100 cc Made Up in 
Physiologic Solution of Sodium Chlorid 


n itc 

Plasma 

Sugar 

CorpusclD 

Sugar 

2 Hours 

Per Cent 

April ’0 

270 

202 

272 

137 



280 

544 

194 


212 

187 

576 

SOS 


219 

171 

526 

308 


IS’ 

142 

600 

422 


182 

155 

544 

350 

April 20 

161 


5G4 

350 


2S0 

155 

526 

339 


204 

162 

544 

336 


187 

187 

564 

302 


171 

146 

544 

373 


129 

111 

554 

499 

April 21 

236 

214 

500 

234 


330 


504 

153 


333 

316 

584 

185 


’75 

333 

560 

168 


’30 

316 

604 

160 


313 

248 

576 

232 

April 2S 

130 

124 

500 

405 


156 

150 

516 

344 


174 

14") 

600 

346 


265 

230 

500 

217 


288 

252 

500 

199 


Masing has shown by exhaustive experiments that when sugar is 
added to a quantit} of blood in Mtro the coipuscles first take up the 
sugar but later gne it up so that most of the sugar is finally found 
in the jilasma This is a confirmation of the work of Rona ° and of 
the earlier work of Masing himself Masing showed further that the 
addition of sugar to blood w'as followed b^^he slow' entrance of sugar 
into the corpuscles at 0 C and by a more rapid entrance at 25 C , this 
entr.ince being hindered markedi) bj a high temperature Masing also 
showed that treatment of corpuscles wuth liquor formaldeh\di enhanced 
their permeabilit} for sugar 

4 Cammidge P J Gljcosuna and Allied Conditions, Longmans, Greene 
L Co 1913 p 19 

5 Masing E ^rch f d gcs Plnsiol 149 227, 1912 

6 Rona and Dohlm Biocliem Ztsclir 31 215, 1911 



TABLE 4 — Permeability of Red Blood Corpuscles to Sugar Nondi\betic 
Corpuscles Exposed to Action of Glucose 1,000 mg /lOO c c Made Up m 
Physiologic Solution of Sodium Chlorid 


Date 

PHsina 

Sugar 

Corpuscle 

Sugar 

. . 

1 Hour 

Per Cent 

2 Hours 

Per Cent 

3 Hours 

Per Cent 

April 1 

sa 

02 

472 

514 




545 

2 

07 

S9 

414 

466 



476 

535 



90 



544 

566 




152 

155 



544 

353 




ISO 

162 



544 

336 




173 

146 



460 

316 




S3 

104 



522 





f>7 

73 



516 

OSS 



10 

ir> 

120 



278 

232 




ISO 

170 



410 

245 




197 

199 



404 

233 




124 

129 



442 

343 



II 

95 

8S 



428 

488 




133 

130 



434 

333 




15S 

130 



434 

318 




12S 

130 



424 

312 



12 

65 

72 

434 


444 

616 

452 


13 

73 

73 



452 





109 

107 



454 

424 




105 

94 



426 

453 




70 

73 



454 

622 




TABLE 5 — The Partition of Sugar in the Blood Corpuscular Sugar 



Number of Cases 

Increase 

t Decrease 

1 

Nondnbetic 

Diabetic 

Nondnbetic 

Diabetic 

5 per cent 

12 

0 

10 

3 

10 per cent 

11 

1 

15 

12 

15 per cent 

0 

1 

10 

28 

20 per cent 

4 

1 

5 

30 

25 per cent 

8 

1 

1 

21 

30 per cent 

5 


1 

12 

35 per cent 

1 


1 

2 

40 per cent 

2 




45 per cent 

2 


1 


50 per cent 

i 

! 



Above 50 per cent 

4 


1 

1 


TABLE 6 — The Partition of Sugar in the Blood Whoie Blood Sugar 


1 

Number of Oases 

Increase 

Decrease 

Nondiabetic 

1 Diabetic 

Nondiabetic 

[ Diabetic 

5 per cent 

19 

14 

15 

' 38 

10 per cent 

17 1 

1 1 

5 


15 i)er cent 

5 1 

4 



20 per cent 

0 

1 

1 

2 

25 per cent 

0 

1 

1 

1 

30 per cent 


1 


1 

35 per cent 

2 


2 ! 

1 

40 per cent 

1 

1 


1 

45 per cent 



1 

1 

50 per cent 

1 


1 


Above 50 per cent 

1 



i 
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Bailey ' concludes that blood sugar is divided equally between the 
plasma and the corpuscles, and that the sugar in the corpuscles bears 
a direct relation to that in the plasma Wishart ® finds that normally 
the concentration of sugar in the corpuscles is a little below that in the 
pla'^ma This discrepancy becomes greater as the amount of blood 
suear rises She did not confirm the statement that in the declining 

o 

stages of hyperghcemia the corpuscles retain their sugar longer than^ 
the pla-ma , and explains the lower sugar content in the corpuscles on 



Chirt 1 — Comparison of the corpuscular sugar in diabetics and in non- 
diabctics The solid black and the shaded columns indicate the number of 
nondiabetic and of diabetic cases, respectivclj', in vhich the corpuscular sugar 
was increased or decreased as compared wnth the sugar content of the plasma 
The cases were grouped according to the percentile increase or decrease as 
noted at the top of the chart The sum total of the increases and decreases m 
each tjpe of case is shown bj the black and shaded columns at the right of the 
chart 

the ground that sugar is more soluble in the plasma than in the cor- 
puscle substance, owing, no doubt, to the lipoidal content of the latter 


7 Bailej, C V Arch Int Med 23 455 (April) 1919 

8 Wishart, MB J Biol Chcm 44 563, 1920 
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The group of cases reported here consists of a series of diribetic 
and nondiabetic subjects on whom glucose tolerance tests were made 
In each case enough blood was taken to allow for estimations of the 
blood sugar in the plasma and corpuscles as well as in the whole blood 
The corpuscles were not washed The blood was centrifuged at high 
speed for fifteen minutes after which the plasma was drawn off and 
1 c c of the corpuscles was taken foi sugar estimation Myers’ 
modification of Benedict’s method of blood sugar estimation was used, 
the readings being made by means of the Kober colonmetei In all of 



Chait 2 — Comparison of the sugar content of whole blood m diabetics and in 
nondiabetics The increase or decrease as compared with the sugar content of 
the plasma is indicated as in Chart 1 

our blood sugar studies the plasma content has been taken as the 
standard, the estimations of the sugar content of the whole blood and 
of the corpuscles being compared with this Thus, any reported increase 
or decrease in the sugar content of the whole blood or of the corpuscles 
means an increase or decrease as compared with the plasma sugar 
A comparison of Tables 1 and 2, as illustrated m Chart I, shows that 
in nondiabetics the average increase m the corpuscular sugar is approxi- 
mately equal to the average decrease, while in diabetics, in the majority 
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of cases the corpuscular sugar was decreased This means that the 
red blood corpuscles of the nondiabetic may contain either more or 
less sugar than the plasma while in the diabetic, on the other hand, the 
corjHtscle sugar content is less than the plasma content, higher corpuscle 
sugar content being exceptional 

The fact that the sugar content of the corpuscles of a nondiabetic 
IS greater than that of the plasma is rather interesting, as in most 
reports it is stated that the “corpuscular sugar is below' that of the 



Chart 3 


Chart 4 


Charts 3 and 4 Comparison of the glucose tolerance curves of plasma 
and of corpuscles m nondiabetic cases The upper curve (“corp exposed”) 
shows the changes m the sugar content of the same corpuscles as those used 
for the lower cune, after exposure to 1,000 mg per hundred cubic centimeters 
normal solution for a period of two hours 


plasma,” no difterentiation having been made betw'een diabetic and 
nondiabetic patients 

The studies of the sugar content of whole Wood (Chart 2) repre- 
sent the midw'ay stage between the sugar content of the plasma and 
the corpuscular sugar This chart and Tables 1 and 2 show that in 
nondiabetics the acerage increase in the sugar content of whole blood 
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IS greater than the average decrease, while in diabetics the reverse is 
true, whole blood sugar content being usually decreased 

From these data one would conclude that in the nondiabetic the 
blood sugar is distributed about equally between the corpuscles and 



Chart 5 — Comparison of the glucose toleiance curves of plasma and of 
corpuscles m nondiabetic cases The upper curve (“corp exposed”) shows 
the changes m the sugar content of the same corpuscles as those used foi the 
lower curve, after exposure to 1,000 mg per hundred cubic centimeters normal 
solution for a period of two hours 

the plasma , while in the diabetic, on the contrary, the corpuscles con- 
tain less sugar than the plasma which surrounds them The question 
which presents itself, therefore, is this Does this mean that the red 
blood corpuscles in the diabetic are less permeable to sugar than the 
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plasma , has the corpuscle membrane been injured in some way so that it 
IS less permeable to sugar just as the renal membrane in untreated cases 
of diabetes become less permeable to sugar ^ In attempting to answer 
this question, my a piioii reasoning was as follous 

If one were to take the red blood corpuscles of a diabetic and those 
of a nondiabetic, and w'ere to suspend each m a hypertonic solution of 



Charts 6 and 7— Comparison of the glucose tolerance curves of plasma and of 
corpuscles m diabetic cases The upper curve (“corp exposed”) shows 
tlic clnngts m the sugar content of the same corpuscles as those used for the 
lower curve, after exposure to 1000 mg per hundred cubic centimeters normal 
solution for a period of two hours 


sugar in physiologic solution of sodium cblond to insure isotomcity, 
what w'ould happen > If the red blood corpuscles of the diabetic are 
less permeable to sugar than the plasma, it is logical to suppose that at 
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the end of a certain peiiod they would contain less sugar than those of 
the nondiabetic The following experiment was planned to test the 
value of this leasoning Whole blood was centrifuged at a high speed, 
the sugar content of the plasma and of the corpuscles was determined , 
the lemamdei of the red corpuscles were then exposed for a period of 



and of corpuscles in diabetic cases The upper curve (“corp exposed”) shows 
the changes in the sugar content of the same corpuscles as those used for the 
lower curve, after exposure to 1,000 mg per hundred cubic centimeters normal 
solution for a period of two hours 


two hours to the action of a glucose solution — 1 gm to 100 cc of 
physiologic sodium chlorid solution At the end of the two hours the 
corpuscles were centrifuged again at high speed for fifteen minutes and 
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a sugar estimation was made The results of the experiment are shown 
m Charts 3 to 9 and in Tables 3 and 4 As the charts show, with the 
exception of Case 5, the sugai content of the corpuscles of the diabetics 
after exposure to glucose solution rose to a much higher level than m 
the corpuscles of the nondiabetics An analysis of Case 5 shows that the 
blood sugar cur\e (glucose tolerance) returned to the normal level at 
about the end of the third hour (Chart 5) In this case, therefore, we 
were dealing with a decreased tolerance, or, m other words, with a 
]>rediabetic '' rather than with a true diabetic 

I am unable to explain this difference between the blood of the 
diabetic and that of the nondiabetic cases All I can do is to state the 
fact that m the blood stieam of the diabetic the red corpuscles contain 
less sugar than the surrounding plasma, and in a strong sugar solution 
take up more sugar than do the red corpuscles of the nondiabetic 
It is m\ hope that further work may offer an explanation of this 
phenomenon 

CONCLUSIONS 

1 In nondiabetics, after the ingestion of glucose, the sugar in the 
corpuscles may be either increased or decreased as compared with the 
plasma content, the tendency to an increase slightly predominating 

2 In diabetics the sugar in the corpuscles is practically always 
decreased belon the plasma content 

3 On exposure of the red blood corpuscles of nondiabetics to a con- 
centration of 1 gill of glucose in 100 c c of physiologic sodium chlorid 
solution for two hours, the corpuscles take up less sugar than the cor- 
puscles of the diabetics which have been tieated in a like manner 


9 John, H J The Prediabetic Stage, Ohio State M J 17 826, 1921 



A STUDY OF BLOOD PRESSURE IN RELATION 
TO TYPES OF BODILY HABITUS 

JOSEPH W LARIMORE, M D 

ST I OUlS 

Interest in the conespondence of visceial form, position and tonus 
to bodily Jiabitus as observed in gastro-intestinal roentgen-ray studies 
suggested the anal3^sis of some available data as to the relation of blood 
pressure to bodily habitus 

The conceptions of bodily habitus as followed in this analysis are 
those foimulated by Mills, and they aie used in the classification of 
the subjects of this study The sthenic type (Fig 1) is of strong 
skeletal build, short and deep thoiax, relatively broad shoulders, a costal 
angle of 90 degrees or moie, and has a nairow pelvis as between the 
anteiioi superior spines of the ilia The hypersthenic type (Fig 2) 
IS an accentuation of all the sthenic characteristics, giving a massive 
build, with short, deep and broad thoiax, an obtuse costal angle and 
narrow pelvis The toi so is massive above The asthenic type (Fig 3) 
IS of delicate skeletal build, with long and nairow thoiax, verj acute 
costal angle and wide flare of pelvis The torso is large below The 
lijposthenic type (Fig 4) follows closely the sthenic cliaiacteristics, 
but these are not so definite and the general build is less nigged 

Classification is made difficult by transitional types All subjects are 
not pure sthenics or asthenics, and classification by tlie external 
topographic criteria only assumes that topography and tonicity are 
inseparable in then hei editary transmission 

Stiller cites the movable tenth rib as a positive stigma of the asthenic 
constitution However, Kastner,^ in a small group of cases selected 
by this sign, found no constant agieement between it and the asthenic 
form and position of the stomach It is conceivable that heredity can 
endow a person with topogiaphic characteiistics tending toward the 
sthenic type, but hold a dominant asthenic charactei istic of tonicity 

The subjects for this study weie unselected applicants for factory 
work, anv_ their previous occupation is unknown Classification of each 
subject was made prior to taking his or her blood pressure The blood 
pressure readings weie all made under uniform conditions, at the same 
time of day, with the same mercury column instrument, the subject in 
the sitting posture, using the right aim, and by the auscultatory method 

Read before the Washington Univeisity Medical Society, Mav 8, 1922 

1 Mills, R W The Relation of BodiU Habitus to Visceral Form, Posi- 
tion, Tonus and Motility, Am J Roentgenol 4 155 (April) 1917 

2 Kastner Movable Tenth Rib as an Enteroptotic Stigma, Arch f klin 
Chir 117 737, 1921 



Figure 1 Figure 2 

Fig 1 — The Sthenic Habitus (From Mills, courtesy of Am J Roentgenol) 
Fig 2 — The H\persthemc Habitus (From Mills, courtesy of Am J Roentgenol) 



Figure 3 


Figure 4 


Fig 3— The Asthenic Habitus (From Mills, coiirtesj of Am J Roentgenol) 
Fig 4— The Hiposthenic Habitus (From Mills coiirtesj of Am J Roentgenol) 
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TABLE 1 — Males Blood Pressure Variations of Different Types 



Hyper- 

Sthenics, 

Hyposthcnics, 

Asthenies, 

Total. 

Blood 

sthenics 


83 


70 


19 


179 

PrpRsni o 





K 





Mm Hg 

Nmn 

T 

Num 

Per 

Num 

Per 

Aum 

Per 

Num 

Per 

Sistolie 

her 

ber 

Cent 

ber 

Cent 

bei 

Cent 

ber 

Cent 

151-160 


3 

36 





3 

1 6 

141-150 


5 

61 

1 

13 



6 

3 3 

131-140 

0 

18 

21 9] 

* 5 

6 5 



25 

13 9 

121-130 


31 

3781 

16 

21 11 

2 

10 5 

49 

27 4 

111-120 


17 

20 7J 

36 

47 31 

3 

10 5 

55 

30 7 

101-110 


S 

97 

14 

18 Sj 

13 

68 31 

35 

19 5 

91-100 




4 

52 

1 

5 2 

5 

28 

SI- 90 






1 

52 

1 

05 

Diastolic 










91-100 

1 

3 

36 





4 

22 

SI- 90 


23 

28 o; 

1 4 

52) 



27 

15 0 

11- SO 

1 

38 

46 3 

^ 27 

35 51 

1 

52 

67 

37 4 

01- 70 


12 

14 Oj 

1 30 

47 sj 

11 

57 8J 

59 

32 9 

51- 60 


5 

61 

9 

118 

7 

36 si 

21 

11 7 

41- 50 


1 

1 2 





1 

0 5 


* Bracketed percentages indicate the groups selected for analysis in Table 3 


TABLE 2 — Females Blood Pressure Variations of Different Types 


Hj per- 

Sthenics, 

Hyposthenics, 

Asthenies, 

Total, 

Blood sthenics, 

106 

69 

62 


238 

















Mm Hg Num 

Kum- 

Per 

Num 

Per Num Per 

Num 

Per 

Sistohe ber 

ber 

Cent 

ber 

Cent bei Cent 

ber 

Cent 

151-100 

1 

09 




1 

04 

141-150 1 

2 

1 8 

1 

1 4 


3 

12 

131-140 

12 

n 3 

8 

116 

2 32 

22 

92 

121-130 

45 

42 41* 

11 

15 91 

4 64 

60 

25 2 

111-120 

27 

25 4} 

34 

49 2} 16 25 8] 

77 

32 4 

101-110 

14 

13 2j 

13 

18 8j 28 45 2 

55 

231 

91-100 

6 

56 

2 

2 9 11 17 7 

19 

SO 

81- 90 





1 16 

1 

04 

Diastolic 








91-100 

3 

28 




3 

1 2 

81- 90 

14 

13 2 

8 

116 

1 16 

23 

90 

71- SO 1 

51 

481? 

29 

42 0? 16 25 8i 

t 97 

40 8 

61- 70 

32 

30 2i 

25 

36 2 36 58 O' 

i 93 

391 

51- 60 

5 

56 

7 

101 

8 12 9 

21 

88 

41- 50 





1 16 

1 

12 

* Biaeketed percentages indicate the groups selected for analjsis in Table 4 


TABLE 3 — Males 

Arithmetical 

Averages 

OF Central Groups 





Blood Pressure 


Body 




Average 

f 

y 


Surface, 

Group Total (Selected According 

Total 

Age 

Sjstohc 

Diastolic 

Pulse 

Sej M 

to Blood Pressure) 








Sthenics 


82 


111-140 

61-90 





100% 


80 4% 

88 9% 



Hj posthenics 


76 


101-130 

61-80 





lOOYo 


87 2% 

82 8% 



Asthenies 


19 


101-110 

51-70 





100% 


68 3% 

94 6% 



Total Selected 








Sthenics 


65 


126 3 

788 

47 5 

1 81 

Hyposthenics 


0’ 


116 3 

717 

44 6 

107 

Asthenies 


15 


106 8 

633 

43 5 

1 666 

17-20 A'ears 








Sthenics 


7 

18 

1231 

76 6 

46 5 

1 703 

Hyposthenics 


15 

18 

116 3 

687 

47 6 

1 65 

Asthenies 


7 

17 7 

104 6 

617 

42 9 

1 61 

21-30 Years 








Sthenics 


23 

25 6 

125 6 

76 2 

49 4 

183 

Hyposthenics 


28 

25 3 

117 0 

717 

45 3 

1 658 

Asthenies 


4 

24 2 

106 5 

65 5 

410 

1 72 

31-40 Years 








Sthenics 


23 

36 6 

126 4 

81 2 

45 2 

1 834 

Hyposthenics 


15 

34 

115 0 

72 9 

421 

1 746 

41-50 Years 








Sthenics 


11 

45 

129 2 

77 3 

519 

1 772 
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Tables 1 and 2 are numencal tabulations of the charts and show in 
compaiatne percentages the downward blood pressure variation of the 
difterent types fiom sthenic to asthenic 

The bracketed percentages indicate the groups selected for analysis 
(Tables 3 and 4) and represent the cential portions of the incidence 
curves, the extremes of the incidence in the high and low pressures 
being discarded 

TABLE 4 — Females Arithmetical Aieragls or Central Groups 






Blood Pressure 


Body 




At enge 


A 

— — \ 

Surf ice 

Group Totiil (Selected , 

According 

Tot il 

Age 

Sjstolic 

Dnstolic 

Pulse 

Sq JI 
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I ables 3 and 4 show ai ithmetical averages for the large central por- 
tions of the blood pressure incidence of the different types, and a further 
‘reparation into gioups for age 

There is no significant blood pressure variation between the types 
associated n ith then age vai lation 

1 here is a definite, though A'erj small, direct correspondence in body 
surface Aariation and the decreasing pressure between the types 

1 able 5 compares the t} pe percentages in iii}'' group to the per- 
centages of a group of 1 000 gastro-intestinal cases, as gnen by Mills 


3 Zitilis R W Two Tables Pertaining to the Incidence of Bodily Habitus 
and the Time of Complete Gastric Motilih in Different Types of Habitus 
\m T Roentgenol 9 731 (Xo\ ) 1922 
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The vaimtion in the type peicentages between the male and the 
female gioups suggests that the commonly accepted difference m the 
male and female blood pressuie is due to the predominance of the 
asthenic type among females, which increases the incidence of lower 
piessuies and hence loweis the averages 

Tables 6 and 7 show in comparative percentages the incidence of 
subjects in each type accoiding to differences of 0 1 square meter of 

TABLE 6 — iNciDrNCE or Males in Each Type 
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TABLE 7 — Incidence or Females in Each Type 
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body surface Body sui face was determined by the nomographic chart 
of Boothby and Sandiford ‘ There is a slight deciease in the body 
surface from the sthenics to the asthenics of this group 


SUMMAKY 

In a gioup of 417 factory workers the blood pressure is analyzed 
foi Its relation to bodily habitus In this group the sthenic habitus is 
accompanied by a higher blood pressure than is the asthenic habitus 
The pressui e accompanying the hyposthenic habitus is intermediate 

4 Boothby, W M, and Sandiford, R B Nomographic Charts for the 
Calculation of the Metabolic Rate by the Gasometer Method, Boston M & S J 
185 337 (Sept 22) 1921 
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llie a\erage blood pressures are approximately the same foi the 
male and female astheiiics, being 106 8 mm systolic and 63 3 mm 
diastolic for the males and 105 7 mm systolic and 68 2 mm diastolic 
for the females 

The pressures for the hyposthenic groups are also appi oximately 
the same, 116 3 mm systolic and 71 7 mm diastolic for the males and 
115 6 mm systolic and 72 3 mm diastolic for the females The sthenic 
group shows a higher pressure for the males, 126 3 mm systolic and 
78 7 mm diastolic, compared to that of the females 118 4 mm systolic 
and 73 4 mm diastolic 

These relations do not change when the types are separated into 
gioups foi age decades 

Theie is a \try small direct correspondence between the types for 
b'^dy siirfdce and the decreasing blood pressure 



HEMOGLOBINURIA IN HEMOLYTIC JAUNDICE =*- 

HERBERT Z GIFFIN, MD 

ROCHESTER, MINN 

My purpose in presenting this paper is to supplement the evidence 
in favor of the occasional occurrence of spontaneous hemoglobinuria in 
hemolytic jaundice Three cases of this type in which the diagnosis of 
hemolytic jaundice is well established and an occasional case of question- 
able diagnosis have been reported in German and Fiench However, 
I have been unable to find a case reported in the English literature In 
view of the rarity of the condition and the interesting phenomena 
which are associated with the mechanism of hemolysis, the case which 
I shall report is of more than ordinary inteiest 

REPORT OF CASE 

History — Mrs A F (Case A 354493), an extremely pale, somewhat jaun- 
diced, short, stout woman, aged 32 years, presented herself for examination 
in April, 1921 She had enjoyed unusually good health until she had suffered 
a moderately severe attack of influenza three and one-half years before Con- 
valescence had been protracted but seemed to be complete, with the exception 
of pallor and probably slight icterus Nine months before, she had become 
definitely weaker and more anemic and dyspneic on exertion Six months 
before, she had had an attack of diarrhea and vomiting In one week she 
developed marked jaundice and began to pass highly colored urine The stools 
were said to have been of normal color She improved somewhat on medical 
treatment at her home but for the last few weeks she had been more anemic 
and more jaundiced Her appetite had remained good, in fact her weight had 
gradually increased On two or three occasions, without apparent cause, fol- 
lowing a day or two of weakness, depression, headache and increasing jaundice, 
the urine had become dark for a day or two 

Evammahon — The patient was obese, weighing 186 pounds, and very 
anemic, her skin had a lemon yellow hue The liver and spleen did not seem 
to be enlarged , examination was difficult, however, because of the patient’s 
obesity Examination of the eyegrounds showed somewhat dilated and tor- 
tuous veins, and one or two rather large irregular hemorrhages m the periph- 
ery , not however, the type of hemorrhage usually seen in pernicious anemia 
The hemoglobin was 25 per cent , the erythrocytes were 1,060,000, giving a 
color index of 1 1 , the leukocytes were 3,800 A relative l 3 miphocji;osis was 
present, and an occasional normoblast There were slight anisocytosis and 
poikilocytosis The blood picture was suggestive of pernicious anemia How- 
ever there was no glossitis two test meals showed slight hyperacidity and 
the neurologic examination was entirely negative 

In the absence of characteristics of pernicious anemia the existence of 
hemolytic jaundice was immediately suspected, in spite of the fact that marked 
splenic enlargement was not present It is to be noted also that the color 
index very rarely exceeded 1 , subsequent counts gave the color index varying 
from 06 to 0 9 


'•'From the Section on Medicine, Mayo Qinic 

* Presented before the Association of American Physicians, Washington, 
D C , May 4, 1922 
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Examination of the duodenal contents was attempted but was unsuccessful 
because of lack of cooperation The calcium time and prothrombin time 
prolonged, but otherw ise the various coagulation tests and the bleeding time 
were normal The platelet count was 92,000 Purpura was not present Two 
tests showed an increased fragility' of the erythrocytes The reading each time 
w-as 0 5 for initial hemolvsis and 0 38 for complete hemolysis with control at 
0 42 for initial and 0 34 for complete The first specimen of urine examined 
did not show albumin or casts Later a small amount of albumin was often 
present and occasionalh a large amount Casts were not found The blood 
sugar was 012 mg for each 100 c c Examinations of the stools were negative 
for parasites and o\a There w'as no indication of loss of blood 

Evidence could not be obtained that members of the family had had jaun- 
dice, splcnomegah, or diseases of the blood 

\Vhile the patient was under observation, one month after admission, a 
seiere crisis wnth hemoglobinuria occurred without apparent cause An imme- 
diate examination of the blood serum showed hemoglobinemia A cystoscopic 
examination made at this time revealed bilateral hemoglobinuria with very 
dark chocolate-colored urine coming from both ureters Specimens of urine 
from the ureters did not contain erjnhrocytes Horse serum (12 cc serum, 
6000 units of antitoxin) seemed to check this attack of hemoglobinuria within 
three daj s 

Course — During April, May and June, three transfusions were given In 
Tune the patient’s er^throcvtes w'ere 2,260,000, and hemoglobin w'as 45 per cent, 
the highest in the course of our observation She maintained a fairly good 
condition during the summer In August, 1921, the erythrocytes again dropped 
to 1,580,000 without the occurrence, however, of hemoglobinuria The patient 
was serj weak but had a ravenous appetite 

\ thorough investigation for syphilis was made at this time with negative 
results ^n examination of the cerebrospinal fluid was negative A thera- 
peutic test of fi\e doses of neo-arspbenamin was given without apparent 
improiement, one of the treatments was followed by a reaction consisting of 
cardiac pain, dizziness, feicr and sjneope, which may have been partly due 
to the concomitant onset of hemoglobinuria It was learned afterward that 
the jaundice had begun to deepen before the neo-arsphenamin was given 

The patient had four protracted attacks of hemoglobinuria while under our 
obseriation and her condition became very low with each The onset of the 
attacks was wuth malaise, weakness, mental depression, headache and slight 
fe\er Within a daj or two the jaundice deepened and within three or four 
dajs the hemoglobinuria appeared Although the patient had nausea and 
abdominal distress, she had never had an attack of gallbladder colic Huring 
attacks she felt \er\ ill largely because of general prostration and headache, 
although she did not seem to be in serious condition Besides these severe 
crises she often complained of milder attacks of nausea, weakness, headache, 
and 1 deepening jaundice w'lthout hemoglobinuria In other words, her attacks 
of hemoglobinuria seemed to be superimposed on the crises of hemoljtic icterus 
Treatmeut ^t various times, coagulen (Ciba), horse serum, ox serum, cal- 
cium b\ mouth, and transfusions were given in attempts to check the hemo- 
globinurn In general, these agents seemed to fail in this effect, although it 
IS possible that horse serum and ox serum mav have been of some value 

During one of the patient s remissions she w’as given a cool bath without 
the development of hemoglobinuria At one time, ice bags w^ere placed over 
the loins with no deleterious effect The patient said that she had often taken 
cool baths and that being chilled from exposure had no effect in causing an 
attack She did not believe that exposure or exertion in any way played a 
part in initiating attacks In fact hemoglobinuria occurred while she was at 
absolute rest and carefullj guarded from exposure m the hospital, it seemed 
most hkelv to occur after satisfactor 3 ' improvement in the blood Whenever 
the ervthrocjtes rose approximateh to 2,000,000, an attack was likely to occur 
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This was repeated so often that eventually the patient dreaded improvement 
as much as she dreaded the prostration of severe anemia for fear of another 
crisis with hemoglobinuria 

Resume — The important features of this case were (1) slight jaundice and 
anemia which had probably existed for three years, (2) marked jaundice and 
anemia of six months’ duration, (3) crises similar to those of hemolytic jaun- 
dice without, however, gallbladder colic, (4) a blood picture which at times 
approached that of pernicious anemia, (5) the presence of bile m the stool 
and its absence from the urine save in crises, (6) a markedly increased 
fragility of the erj'throcytes on two examinations, (7) an increased reticulated 
cell count, (8) seven severe crises which were associated with hemoglobinuria, 
m one of which hemoglobmemia and bilateral hemoglobinuria were demon- 
strated, (9) the absence of any effect of cold or exposure on the occurrence 
of the hemoglobinuria, (10) the absence of hemoglobinuria after transfusion, 
and (11) the recurrence of the hemoglobinuria when the erythrocytes reached 
approximately 2,000,000 

In 1900, Bettman^ gave an excellent description of a case of 
hemolytic jaundice with hemoglobinuria The attacks of hemoglobinuria 
occurred with some of the acholuric crises Bettman’s patient, a man, 
aged 29 years, first seen April 3, 1899, had been jaundiced since child- 
hood and had had “nose bleed” occasionally for many years There was 
no evidence of syphilis The spleen was considerably enlarged , there was 
a definite history of crisis associated with very dark urine Blood pig- 
ment and a few erythrocytes in the unne had been reported one year 
previously Jaundice was brought on by overeating and overdrinking, by 
physical exertion, by emotional excitement, and especially by cool 
weather Hemoglobinuria was not produced by placing the hands in 
ice water, although the urine contained a few erythrocytes and hemo- 
globmemia was demonstrated Splenectomy was not performed and 
necropsy is not reported 

In 1908, Chauffard and Troisier ” described a case of hemolytic 
icterus which was accompanied by attacks of hemoglobinuria This 
might be regarded as a transition case between acquired hemolytic 
jaundice and jaundice of congenital origin, for the patient had always 
been pale, but had developed jaundice late in life There was no family 
history of jaundice In 1901, there had been slight jaundice, in 1902, 
after a fit of anger, jaundice had been marked and after that constant 
In 1906, the patient had been operated on by Koch and the liver found 
to be normal, while the gallbladder contained thickened bile with bile 
sand, but no calculi Six months later, the biliary fistula closed but 
jaundice persisted Three times without chilling, and with increased 
jaundice, there had been an attack of fever and the urine became 
“malaga colored ” Spectroscopic examination revealed the presence of 

1 Bettman Ueber eine besondere Form des chromschen Ikterus, Munchen 
med Wchnschr 47 791, 1900 

2 Chauffard, A and Troisier, J Deux cas d’lctere hemolytique, Bull et 
mem Soc med d hop de Par 2 411, 1908 
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hemoglobin in the urine, urobilin was abundant Examination of the 
stool revealed an excess of stercobilm The fragility of the erythrocytes 
w as increased from 0 50 to 0 46 The reticulated cell count was 
increased to 12 and 14 per cent The erythrocytes fell to 1,000,000 
The sjileen had been found to be slightly enlarged , the liver was not 
palpable 

Hijmans van den Bergh,=* in 1911, reported a similar case, that 
of a man, aged 47 years The family history was negative The 
jaundice had been present for twelve years Attacks of hemoglobinuria 
had occurred for six years During the attacks the patient became very 
ill and anemic but had maintained a fairly satisfactory condition 
beti\een times This patient eventually developed severe anemia with 
high color index The erythrocytes became reduced to 1,156,000 The 
stools were normal in color and there was no bile in the urine 
Increased fragility of the erythrocytes was demonstrated and the 
reticulated cell count was high, 18 per cent A diagnosis of hemolytic 
jaundice seems to be well established in spite of the fact that the spleen 
w as not demonstrably enlarged The patient was not followed to opera- 
tion and the article contains no report of the subsequent course of 
the case 

Donath and Landsteiner,^ Hoover and Stone,® and others have 
demonstrated that the hemolysis in paroxysmal hemoglobinuria is due 
to an aulohemol} sin w'hidi combines with the erythrocytes after a 
mixture of the patient’s serum and his own or another’s erjdhrocytes 
IS cooled , when the mixture is warmed to body temperature, hemolysis 
occurs The red corpuscles themsehes are not altered (Hoover and 
Stone) Complement is necessary in the cooling mixture Zinsser ® 
concludes that there is considerable variation in the mechanism even in 
paroxysmal hemoglobinuria due to chilling 

The mechanism of hemolysis in the hemoglobinuria of hemolytic 
jaundice is probably quite different from that of paroxysmal hemo- 
globinuria due to chilling Widal has called attention to the fact that 
experimental hemolysis caused by chemical poisons results in icterus if 
the dose is small, and in hemoglobinuria if the dose is large It is 
likely that in hemol}tic jaundice there is a constant destruction of 

3 Hijinans lan cicn Bergh A A Ictere hemolytique avec crises hemo- 
glohinunqucs fragilite globulairc. Rev de med 31 63, 1911 

4 Domtli, J , and Landsteincr, K Weitere Beobachtungen uber 
parowsmale Hamogloliinurie Ccntralb! f Bakteriol , Parasitol u Infekt 45 
204, 1908 

^tone, C W Parox\smal Hemoglobinuria, Arch 
Int Atcd 2 392 (Sept ) 1908 

6 Zinsser H Infection and Resistance, an Exposition of the Biological 
Phenomena Underlying the Occurrence of Infection and the Recovery of the 
\nima! Bodv from Infectious Disease New York, Macmillan Co 1914 
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erythrocytes continuing over a period of years This slight destruction 
permits the change from hemoglobin to bilirubin in a normal manner, 
the presence of icterus doubtless means an increase of destruction which 
can be partially cared for possibly by the endothelial system, but which 
cannot be properly eliminated by the liver, the presence of hemo- 
globinuria means a still greater and probably very sudden increase in 
‘ hemolysis 

Pearce ^ has placed the limit of hemoglobin which may be free in 
the blood of the dog before hemoglobinuria occurs as 0 06 gm for 
each kilogram of body weight Sellards and Minot,® in 1916, in a 
very important piece of experimental work estimated the tolerance to 
the intravenous injection of hemoglobin of normal persons and of 
persons with the various types of anemia Very much less hemoglobin 
was required to produce hemoglobinuria in hemolytic jaundice than in 
the anemias secondary to hemorrhage 

It may be that a renal factor is also present Gilbert and Lere- 
boullet,® in 1900, discussed the possible occurrence of a “renal form of 
simple acholuric icterus” Silvestri,^® in 1921, concluded that the 
kidney may secrete substances which have a destructive action on 
erythrocytes within its vessels An excellent summary of this viewpoint 
has been published by Cumston There may be, therefore, m hemolytic 
jaundice with hemoglobinuria a renal factor, besides sudden, severe 
hemolysis, which consists of either a reduction of the renal threshold or 
an actual hemolytic process in the kidney itself 

Ashby has made immunologic studies m a case of hemolytic 
jaundice (Case A387430) now under my observation, which in its 
clinical aspects is almost identical with the one herewith reported, save 
that hemoglobinuria has occurred only after each transfusion and not 
spontaneously The patient’s blood was in Group II Ashby tested 
the patient’s serum against his own corpuscles and against Group II 
corpuscles from a normal person, with and without icebox incubation 

7 Pearce Hemoglobinuria, Monographic Med , New York, D Appleton 
and Company 1 573, 1916 

8 Sellards, A W , and Minot, G R Injection of Hemoglobin in Man and 
Its Relation to Blood Destruction, with Especial Reference to the Anemias, 
J M Research 34 469, 1916 

9 Gilbert, A, and Lereboullet, P La forme renale de I’lctere acholunque 
simple (albummurie intermittente, albummune continue, hemoglobinurie 
paroxystique). Bull et mem Soc med d hop de Par 9 662, 1901 

10 Silvestri, T Del fattore renale in certi casi di emoglobinuria paros- 
sistica Pohclmico 28 1203, 1921, abstr J A M A 77 1291 (Oct 15) 1921 

11 Cumston, C G Clinical Notes from France The Splenorenal Theory 
of Paroxysmal Hemoglobinuria, New York M J 110 812, 1919 

12 Widal, M Discussion, Bull et mem Soc med d hop de Par 2 418, 
1908 

13 Ashby, W P Personal communication 
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Tubes were incubated m the icebox for one hour, and at 37 5 C for 
one and one-half hours with negative results The dilution of serum 
to corpuscles was 20 to 1 The action of the serum was therefore 
strikingly different from that which has been reported in connection 
with paroxysmal hemoglobinuria 

From a study of both the clinical and the immunologic data the con- 
clusion seems justifiable that the hemoglobinuria of hemolytic jaundice * 
IS not due to syphilis, that it is not brought on by exposure to cold, 
and that the mechanism of hemolysis is not analogous to that in 
paroxysmal hemoglobinuria due to chilling 



THE RELATION OF AGE AND OBESITY TO 
VITAL CAPACITY* 

BYRON D BOWEN, MD 
With the Assistance of Dorothy L Platt 

BUFFALO, N Y 

In view of the frequent association of dyspnea with obesity on the 
one hand, and the close relationship of dyspnea with vital capacity on 
the other hand, it seemed of interest to learn the values of the vital 
capacity in obese individuals However, with the exception of a casual 
mention by Myers ^ of the relation of age and obesity to the vital 
capacity of the lungs nothing was found in available literature 

Hutchinson,* in 1846, first studied the vital capacity of normal 
persons using the spirometer of which he was the inventor He found 
that the vital capacity varied more closely with the height than any 
other body measurements Until recent years tbe procedure has not 
been extensively applied to clinical medicine, but now, because of 
amplification and refinement of the original work of Hutchinson, it 
IS conceded to be of some importance in diseases affecting the chest 
organs Peabody and Wentworth ® applied the test to cardiac patients 
and found that such patients regularly showed a decreased vital capacity 
when dyspneic, ranging in amount from 40 per cent in the badly 
decompensated cases to nearly normal in compensated lesions 

Dreyer ^ considers vital capacity to be of great value in the assess- 
ment of physical fitness , his work has been done largely in the English 
Army, and the standards used by him have been mostly based on the 
height of the trunk taken m the sitting posture Lundsgaard and 
Van Slyke,® and also Myers and Dreyer® have shown that there is a 
slight decrease in vital capacity in pulmonary tuberculosis, which tends 
to improve after treatment It has also been determined by a number 
of investigators that the vital capacity is reduced in emphysema, asthma, 
bronchiectasis, hydrothorax and pneumonia In cases of great physical 
weakness, but without diseases of either heart or lungs Peabody and 

*From the Department of Laboratories and the Medical Qinic of the 
Buffalo General Hospital 

1 Myers, J A The Value of Vital Capacity Readings in Clinical Medi- 
cine, Minnesota Med 4 635 (Nov ) 1921 

2 Hutchinson J Med Chir Tr London 29 137 1846 

3 Peabody, F W , and Wentworth, J A Clinical Studies of the Respira- 
tion IV The Vital Capacity of the Lungs and Its Relation to Dyspnea, Arch 
Int Med 20 443 (Oct ) 1917 

4 Dreyer, G The Assessment of Plwsical Fitness, New York, Paul B 
Hoeber 

5 Lundsgaard, C , and Van Slyke, DR J Exper M 27 65, 1918 

6 Dreyer, G and Burrell, L S T Lancet 1 1212 (Tune 5") 1920 
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Sturgis - ha\e found readings of only 26 per cent below the normal 
These observers also state that fatigue of the muscles of respiration 
produced no reduction m vital capacity in cases of heart disease 

It IS clear that for a study of the vital capacity in obesity, a normal 
standard vould be required for comparison The normal standard in 
common use, howeiTr, is based on the vital capacity of persons mostly 
between the ages of 20 and 30 years Obviously, the age of a maximum 
fitness cannot be applied as a standard for all ages It was, therefore, 
decided to test the vital capacity of a series of normal persons in order 
to determine the required normal standard 

METHODS AND STANDARDS 

The Mtal capacity spirometer designed by Peabody and manufac- 
tured by Sanborn and Company was used in making all of the tests 
The highest of three readings were taken as the vital capacity and 
more than one observation was made whenever it was thought necessary 

The standards used have been those suggested by West,® being based 
both on height and surface area, the latter being estimated from the 
height and v eight using the formula of DuBois and DuBois “ The 
vital capacit} of normal persons is expressed in percentage based on 
surface area m Chart 1, and by both height and surface area in the tables, 
and the others both on surface area and height For height, the normal 
standard is determined by multiplying the height m centimeters by 
25 c c for men and 20 c c for women For surface area, the standard 
is the product of multiplying the surface area in square meters by 
2 5 liters for men and 2 0 liters for women 

DISCUSSION OF NORMALS 

This group contains 184 persons A-^arying in age from 15 to 85 
years They consist of average normal persons, who are largely of 
sedentar} occupations, including students, physicians, nurses, hospital 
emploAees, coua alescent surgical patients, and medical patients without 
disease of the he.irt or lungs and wnthout physical weakness The 
semle group was mostly obtained in homes for the aged They were 
able to valk about and had only such disease as is incident with their 
e g , arteriosclerosis, emphysema, and possibly calcification of the 

7 Pcibodx F \\ and Sturgis, C C Clinical Studies of the Respiration 
VII The Effect of General Weakness and Fatigue on the Vital Capacit}' of 
the Lungs Arch Int Med 28 501 (Xoi ) 1921 

8 West H F Clinical Studies on the Respiration VI A Comparison 
o! \'arious Standards lor the JConnal Vital Capacity of the Lungs, Arch Int 
Med 25 506 (March) 1920 

9 DiiRois D and DuBois E F Clinical Calorimetry Fifth Paper 

The Measurement of the Siirtacc Area of Man, Arch Int Med 15 868 (Mav) 
1915 ^ ^ 
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costal cartilages Of the 184 persons studied, 120 fell between the ages 
of 15 and 50 Of these, 67 5 per cent were between 90 and 110 per 
cent , 25 8 per cent were below 90, and 6 6 per cent were above 110 
per cent with the surface area standard Up to the age of 50 years, 
the average vital capacity was 95 8 per cent , then it gradually reached 
50 per cent at the age of 85 years , the greatest fall in any decade being 
between the ages of 50 and 60 years Chart 1 serves to show this 
curve of vital capacity percentage with relation to age and may be of 
value in estimating the normal vital capacity, especially beyond the age 
of 50 years It Avould seem that the standards used by West were 
entirely satisfactory for practical purposes up to the age of 50 The 
average vital capacity of this group was about 4 per cent lower than 
the normal series studied by West, which may be accounted for by the 



Chart 1 — Vital capacity of 184 normal patients according to age, using sur- 
face area standard 


fact that his subjects were mostly well developed men and women 
between the ages of 20 and 30 

There are doubtless many factors producing a reduction in vital 
capacity after the age of 50, but in the absence of definite disease all 
must be considered as manifestations of a normal aging process They 
possibly constitute such conditions as loss of elasticity of the alveoli, 
immobility of the thorax, weakened general musculature and myo- 
cardium, and lack of exercise 

DISCUSSION OF OBESE SUBJECTS 

This group comprises 32 persons who were definitely obese , twenty- 
seven weie women and five were men Another smaller group made 
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up of twenty-four people, twenty of who were w^omen and four men, 
wdio w'ere not definitely obese but wdio w^ere distinctly “overweight,” 
IS also presented This grouping ivas rather arbitrary and was based 
on an impression gained on physical examination In the obese group 
most of the persons w^eighed over 80 kg and in the “overweight” group 
under that figure with low^er limit represented by a person who weighed 
64 kg and whose height was 152 cm As far as could be determined, 
none of these people had disease of the heart or lungs, although the 
majority complained of some degree of dyspnea It is interesting in 
this connection to note that the most pronounced case, a woman aged 
33 years, weighing 198 2 kg , did not have dyspnea, and had a vital 
capacity by height of 87 7 per cent and by surface area of 53 per cent 
Her activities were necessarily slow' and restricted, which might have 
been a factor 

The dyspnea that occurs m cases of obesity may be due to several 
factors The frequent association of obesity with coronary sclerosis 


TABLE 1 — Obesc Cases in Decades 




Average 

Average 




Vital 

Vital Capacity 




Capacity 

to Surface 




to Height 

Area 




Standard, 

Standard, 

Number of 


Ages 

per Cent 

per Cent 

Cases 

2(1-30 


96 5 

821 

71 9 

6 

30-40 


905 

8 

40-50 


S4 6 

716 

9 

5O-00 


72 0 

02 0 

6 

r4>-T0 


C85 

53 2 

2 


and myocarditic changes is w'ell known Yet, the excessive accumula- 
tion of fat m the pericardium may in itself lead, to atrophic changes 
m the heart muscle and, consequently, to insufficiency of the latter 
However, m 30 ung and especially muscular persons, it may require a 
long time for such secondary changes to be brought about, during which 
time the obese subject maj' enjoy good health as far as his cardio- 
respiratory apparatus is concerned 

Between the ages of 20 and 30, only six obese persons were studied 
Of these, four were under 100 per cent by the height standard and all 
by the surface area standard In this group (Table 1), the vital capacity 
was essentially normal by the height standard between the ages of 20 
and 30, dropping slowly to the age of 50, w'here there was a rather 
sudden reduction of 12 per cent , behaving about as normal persons do 
Onlj tw'o subjects had a vital capacity above 100 per cent by the 
height standard The \ital capacity according to surface area was 
considerabl} reduced, as w ould be expected, there being an average 
difference from the height standard of 14 3 per Vent Although the 
cur\e of reduction according to age follow's much\the same course as 
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in the case of normal people, there was a tendency for the vital capacity 
of obese individuals to be reduced even by the height standard How- 
ever, between the ages of 15 and 50 the average vital capacity in the 
normal group was 95 8 per cent , and in the combined obese and "over- 
weight” groups, 75 8 per cent by the surface area standard and 888 
per cent by the height standard In estimating the vital capacity of 
obese and "overweight” people it is probably better to use the height 
standard or make a correction by adding 20 per cent to the surface 
area standard , this being the difiference between the normal vital capac- 
ity and that of the obese and “overweight” groups 

Chart 2 represents the vital capacities of the obese and "overweight” 
groups for all ages, m order of weight, beginning with the heaviest 
The ( ) indicates the percentage according to height and the (x) 



Chart 2 — Vital capacity of obese class beginning with heaviest •r^per 
cent height , X = per cent surface area 


according to surface area It will be seen that there is a slight tendency 
for the vital capacity to increase as the weight decreases 

In Table 2, six obese cases are grouped separately from the normal 
obese group, because of the diagnosis of "chronic myocarditis ” All 
had symptoms of a cardiac nature of from 3 to 15 years’ duration — 
dyspnea, palpitation and easy fatigue — and all had a slight vascular 
hypertension None of this group was decompensated and but one had 
slight edema The vital capacities of all were between 50 and 60 per 
cent by the height standard and 40 and 50 per cent by that based on 
surface area A corresponding group of cardiac patients would not, 
judging from the work of Peabody, have shown this degree of reduc- 
tion However, if the correction of 20 per cent be added to the surface 
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area percentage the result would be about what one would expect in 
such cases 

One patient, a girl, aged 18, Aiho had acromegaly, and who weighed 
90 hg , most of the increase having taken place in the past two years, 
had a vital capacity of 130 5 per cent by height and 1094 per cent 
by surface area This case was not included in the obese group as 
she was considered as being distinctly pathologic This, by the way. 


T ^BLE 2 — Obese Cardiac C\ses 


Igc 

Sc\ 

Weight, 

Kb 

Height, 

Cm 

Surlfice 

Aren 

Square 

Meters 

Vital 

Capacity 

Cc 

Vital 

Capacity 

to 

Height 
Standard, 
per Cent 

Vital 
Capacity 
to Surface 
Area 

Standard, 
per Cent 

H 

p 

97 0 

157 0 

1 96 

1,700 

54 

43 

45 

F 

94 9 

156 5 

1 94 

1,850 

59 

47 

45 

F 

77 S 

154 5 

1 77 

1,820 

59 

62 

4") 

F 

850 

164 0 

192 

1,700 

52 

44 

43 

F 

92 1 

158 0 

1 69 

1,800 

57 

48 

42 

I 

113 3 

164 5 

2 21 

1,850 

56 

42 


TABLE 3 — Overweight Cases in Decades 



IfcCS 

Average 
Vital Capacity 
to Height 
Standard, 
per Cent 

Average 

Vital Capacity 
to Surface Area 
Standard, 
per Cent 

Number of 
Oases 

CO-'O 


815 

77 0 

6 

SO-40 


838 

76 9 

4 

40-50 


886 

75 6 

7 

50-60 


76 2 

688 

7 


T4BLE 4 — Effect of Weight Reduction on Vital Capacity 




Date 

Weight 


Vital 

Capacitj 

in 

Per 

centage 

Height 

Percentage 

Surface 

Area 



Kg 

Age 

Cc 

Standard 

Standard 

Remarks 

r 

F 

12/21/21 

4/20/22 

S4 7 

74 5 

31 

3,730 

3 800 

1151 
117 2 

980 

1061 

No dyspnea 

General improvement 

R 

C 

6/ 8/21 
4/22/22 

GTS 

29 

3,000 

3000 

010 

91 0 

800 

87 8 

Dyspnea + 

Dyspnea absent 

C 

s 

9/23/21 

4/21/22 

114 9 
1001 

20 

2 700 

3 600 

82 2 
109 7 

619 

87 3 

Dyspnea + 

Dyspnea absent, general 

M 

K 

2/20/22 

4/19/22 

73 6 

62 5 

50 

2,300 

2 6^0 

76 6 

85 5 

07 2 

81 7 

improvement 

Diabetes, dyspnea -j- 
Dyspnea not noticeable, 
general improvement 


may, perhaps, be accounted for b) the actual increase in the bony 
framework ot the thorax, as such cases sometimes show^ 

Table o show's tw'cnty-four cases arranged in decades, the subjects 
were not considered obese but were “o\ erw'eight ” Like the other 
groups of normal and obese subjects, the vital capacitj’- makes a rather 
precipitant drop after the age of 50 years, averaging 12 per cent The 
a\erage Mtal capaciU is similar to the obese group, being reduced by 
the surface area standard and only slighth so by the height standard 
Table 4 show's a stud\ of four patients, tw'o obese and two *'over- 
w eight ’ Their weights were reduced by dietary measures for the 
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TABLE 5— Normals — iContinued) 






Surface 


Vita] 

Vital 

\Ee 

Sc\ 

Weight, 

Hoight, 

Area 

Vital 

Capacity 

Capacity 

K, 

Cm 

Square 

Capnoty 

Percentage 

Percentage 




Meters 

Cc 

Height 

Surface Area 

2S 

9 

50 T 

150 0 

1 50 

2,900 

929 

929 

20 

9 

40 3 

104 5 

1 52 

2,930 

89 6 

970 

29 

9 

00 0 

104 3 

1 75 

3 400 

103 0 

971 

29 

cf 

71 0 

172 0 

1 84 

4 500 

104 6 

978 

29 

9 

41 

r.i 5 

131 

2,050 

67 6 

78 2 

o<> 

d 

t 1 ) 


195 

4,000 

888 

81 9 

2^) 

5 

07 3 

148 0 

1 0.1 

3,200 

108 0 

99 3 

SO 

9 

41 9 

101 0 

1 40 

2 800 

869 

lOOO 

so 

d 

00 7 

173 0 

1 73 

3,400 

79 0 

79 0 

31 

0 , 

)3 0 

1651 

1 57 

3,200 

969 

101 6 

31 

9 

5 


1 74 

3,200 

963 

919 

31 

d 

72 0 


1 91 

4 650 

103 8 

974 

"2 

cT 

T1 2 

108 3 

1 81 

4,900 

116 3 

108 4 

32 

d* 

40 0 

104)5 

138 

3,200 

800 

930 

32 

9 

00 0 

10.7 0 

1 75 

3,450 

103 2 

908 

32 

9 

42 1 

101 5 

1 40 

3,250 

lOOO 

116 0 

"3 

d 

(i2 0 

157 5 

103 

3,C50 

926 

89 6 

33 

d 

00 0 


185 

4,000 

886 

86 5 

33 

9 

0o3 

lOi 3 

161 

3,100 

942 

962 

34 

9 

.4 2 


1 50 

2,700 

882 

900 

35 

9 

53 5 


1 53 

2,700 

3,000 

84 0 

880 

33 

9 

42 7 


1 36 

980 

110 2 

30 

9 

47 5 


1 46 

3,100 

97 4 

1061 

SO 

9 

"0 4 

157 5 

167 

3,000 

95 2 

955 

3T 

d 

00 8 


1 83 

4,100 

94 9 

897 

37 

d 

74 2 

173 5 

1 68 

4,200 

967 

893 

3S 

9 

43 9 

131 5 

1 39 

2,200 

72 6 

74 0 

3S 

9 

31 4 

154 5 

147 

2 900 

93 8 

936 

3S 

d 

07 9 

180 5 

1 91 

4,500 

965 

94 3 

40 

d 

3S1 

184 0 

1 77 

4,300 

94 0 

970 

40 

9 

74 2 

167 5 

1 83 

3,200 

95 5 

875 

40 

9 

02 7 

172 0 

1 74 

8,000 

104 6 

103 4 

11 

9 

31 8 

155 5 

1 51 

2,300 

72 0 

760 

41 

9 

45 2 

157 5 

1 42 

2,700 

857 

95 0 

42 

9 

(.4 2 

154 5 

1 63 

3,050 

98 7 

93 6 

42 

9 

0451 

158 3 

167 

2,900 

91 0 

860 

42 

9 

75 2 

165 5 

182 

3,100 

93 6 

851 

43 


(7 0 

10.5 5 

1 74 

4 500 

108 6 

103 4 

« 

9 

48 9 

131 5 

143 

2,800 

924 

991 

44 

d 

70 0 


182 

3,890 

91 3 

803 

4 > 

9 

49 8 


1 48 

2,560 

801 

869 

45 

9 

49 8 

162 5 

1 31 

2,900 

89 2 

960 

47 

9 

52 4 


1 52 

2,700 

850 

89 0 

48 

0 

48 3 

IM 5 

1 50 

2,700 

83 5 

93 3 

40 

9 

53 5 


1 50 

2,350 

76 2 

78 3 

"■>0 

2 

54 3 

149 5 

1 48 

2,800 

93 6 

94 5 

00 

cT 

04 2 

103 0 

1 09 

3,550 

87 0 

84 0 

'tO 

9 

01 4 

100 0 

1 64 

3,300 

103 0 

100 6 

>i 


00 6 

175 0 

1 81 

4,100 

94 0 

910 

*)2 

cT 

<3 0 

171 0 

1 85 

3,900 

91 3 

84 4 


5 

78 0 


186 

3,900 

928 

83 8 


d 

o 


1 78 

4,200 

95 4 

94 3 

53 

0 

03 8 


1 61 

2,800 

92 1 

669 

53 

9 

04) 4 

153 5 

1 58 

2,500 

81 4 

790 

53 

d* 

70 0 

174 0 

184 

4,400 

301 1 

91 6 

53 

9 

38 0 

101 0 

1 35 

2 000 

621 

74 0 

54 

9 

50 2 

355 5 

1 46 

2,300 

73 9 

78 7 

54 

cf 

78 3 

153 0 

177 

2,600 

64 0 

56 5 

55 

d' 

W 6 

108 5 

1 74 

3,000 

71 2 

689 



02 0 

103 0 

1 07 

3,800 

93 3 

911 

> 

d 

03 3 

170 0 

173 

3,300 

77 6 

76 0 

fC 

d 

U 

104 0 

1 79 

3,500 

653 

78 3 

53 

5G 

9 

0 

01 2 

0.91 

158 0 

100 5 

1 02 

177 

2,400 

3,100 

75 9 

930 

74 0 

87 5 



54 1 

171 5 

1 76 

3,400 

79 2 

77 2 

)< 

9 

O V 

143 0 

1 45 

2100 

73 4 

7? 4 

5S 

5S 

9 

d 

009 

74 0 

100 0 

104 0 

1 70 

1 60 

2.700 

3.700 

843 

902 

79 4 

R2 9. 

50 

V 

40 3 

151 0 

1 39 

2,200 

72 8 

70 1 

^0 

V 

08 0 

157 0 

1 38 

2,200 

70 0 

60 6 

fO 

9 

43 0 

103 0 

1 43 

2 200 

67 4 

76 9 

0- 

9 

41 5 

102 5 

1 40 

2000 

61 6 

71 4 

C2 

9 

54 > 

102 0 

100 

2 200 

67 9 

687 
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TABLE 5 — Norm\ls — (Continued) 


Age 

Sex 

Weight, 

Kg 

Height, 

Cm 

1 

Surface 

Area 

Square 

Meters 

Vital 

Capacity 

C c 

Vital 

Capacity 

Percentage 

Height 

Vital 
Capacity 
Percentage 
Surface Area 

63 

cT 

58 6 


1 61 

3,400 

84 5 

841 

63 

cf 

80 0 

'ili^B 

194 

3,600 

83 3 

74 2 

63 

9 

52 8 


1 51 

1,500 

47 6 

49 6 

64 

d 

57 0 

^B iX^B 

1 57 

1,800 

431 

45 9 

64 

9 

61 3 

162 0 

165 

2,100 

61 7 

631 

64 

d 

581 

173 5 

1 71 

3,000 

691 

70 2 

65 

d 

76 6 

170 0 

1 88 

4,150 

976 

883 

65 

9 

59 4 

150 5 

1 54 

2,200 

73 0 

71 4 

66 

cf 

631 

161 0 

1 68 

3,600 

87 8 

85 7 

67 

cf 

52 0 

166 0 

1 56 

3,950 

951 

101 2 

68 

d 

777 

159 0 

ISO 

2 350 

591 

52 2 

69 

d 

72 0 

167 0 

180 

3,600 

860 

79 0 

70 

d 

76 0 

177 5 

1 94 

4,300 

96 8 

8S 6 

70 

d 

57 2 

157 0 

1 56 

2,800 

714 

718 

70 

9 

1 57 7 

146 5 

1 50 

1,700 

58 0 

566 

71 

d 

54 0 

164 0 

1 58 

2,900 

70 7 

73 4 

72 

9 

55 5 

149 5 

1 49 

1,700 

56 8 

57 0 

72 

d 

681 

1610 

1 72 

1,300 

32 3 

302 

72 

5 

70 4 

j 156 5 

171 

2,200 

70 2 

640 

73 

cf 

810 

170 0 

1 93 

2,400 

564 

49 8 

73 

cf 

65 0 

161 0 

1 68 

2,500 

62 1 

59 3 

74 

9 

411 

157 0 

1 36 

2,300 

73 2 

84 5 

75 

9 

57 3 

157 0 

157 

2,150 

68 4 

68 4 

"To 

9 

47 2 

150 0 

1 40 

1,300 

43 3 

46 4 

75 

cf 

61 3 

169 0 

1 70 

3,600 

853 

845 

(0 

cf 

69 0 

170 0 

18 

2,600 

61 1 

57 7 

75 

d 

68 6 

157 0 

17 

2,100 

53 5 

49 4 

76 

9 

568 

160 0 

158 

1,700 

531 

53 8 

79 

cf 

75 0 

171 0 

187 

2,900 

67 9 

62 0 

81 

cf 

731 

163 0 

179 

2,350 

57 7 

52 5 

82 

9 

41 5 

155 0 

1 35 

1,000 

32 2 

3i 0 

84 

cf 

581 

160 0 

1 60 

2,650 

660 

660 

84 

9 

64 5 

154 0 

1 62 

1,100 

35 7 

33 8 

85 

9 

513 

149 5 

1 44 

1,400 

46 8 

48 6 

86 

5 

33 4 

1410 

1 18 

1,200 

42 5 

508 

94 

9 

56 8 

158 5 

1 57 

2,200 

69 4 

70 0 


TABLE 6 — Overweights 


Age 

Sex 

Weight, 

Kg 

Height, 

Cm 

Surface 

Area 

Square 

Meters 

Vital 

Capacity 

C c 

Vital 

Capacity 

Percentage 

Height 

Vital 
Capacity 
Percentage 
Surface Area 

48 

cf 

966 

^B 1 f i^B 

213 

4,100 

93 0 

77 0 

45 

cf 

89 0 

^BTsS^B 

203 

5,000 

116 2 

98 6 

48 

2 

79 8 


1 80 

2,250 

718 

62 5 

56 

2 

79 0 

^B f : S^B 

1 80 

2,200 

69 6 

609 

60 

2 

78 8 

1710 

191 

2,900 

850 

76 0 

53 

2 

78 8 

164 0 

1 86 

3,225 

98 0 

870 

29 

2 

78 5 

164 0 

1 85 

3,000 

910 

800 

41 

2 

78 0 

158 5 

180 

2,000 

630 

55 5 

39 

cf 

77 0 

163 5 

183 

2,900 

7l 0 

630 

59 

2 


153 5 

174 

2,100 

680 

600 

24 

2 

75 7 

165 0 

183 

3,020 

92 0 

830 

42 

2 

75 5 

157 7 

177 

2,550 

808 

72 0 

51 

2 

75 5 

165 5 

183 

2,300 

69 4 

62 8 

33 

2 

75 2 

159 5 

167 

2,750 

668 

82 0 

21 

2 

73 8 

156 0 

174 

2,750 

881 

79 0 

52 

2 

73 6 

152 0 

1 71 

2,300 

75 8 

67 2 

38 

2 

71 7 

154 0 

171 

3,000 

970 

87 7 

54 

2 

716 

162 0 

176 

2,300 

70 9 

653 

23 

2 

71 5 

152 0 

1 68 

2,800 

921 

833 

58 

d 

71 2 

159 5 

1 74 

2,900 

72 6 

666 

40 

2 

661 

152 0 

163 

2,450 

805 

751 

29 

2 

64 7 

157 0 

164 

1,700 

54 0 

52 0 

21 

2 

64 0 

157 6 

165 

2,800 

888 

848 
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purpose of obser\ing the effect on symptoms and vital capacity The 
reduction in all exceeded 10 kg and was brought about in periods, 
varying from two to ten months Dyspnea was present in three, and 
general symptoms, easy fatigue, lassitude and a “heavy feeling was 
complained of by all The vital capacity was above 100 per cent in 
but one case, the subject being the only one of the four who did not 
have d}spnea These symptoms improved or disappeared in all coin- 
cident with the loss of weight The vital capacity in cubic centimeters 
increased in two cases, but remained constant in the others In one 


TABLE 7 — Obesities 


Arc 

Sex 

Weiglit 

Kg 

Height, 

Cm 

Surface 

Area 

Square 

Meters 

Vital 

Capacitj 

Oc 

Vital 

Capacity 

Percentage 

Height 

Vital 
Capacity 
Percentage 
Surface Area 

33 

0 

198 2 

1710 

2 82 

3,000 

87 7 

53 0 

31 

9 

129 5 

153 0 

218 

2,400 

78 0 

55 0 

20 

9 

1119 

161 5 

217 

2,700 

82 2 

619 

33 

c 

1110 

162 0 

215 

3,000 

930 

70 0 

53 


112 3 

169 5 

2 20 

3 400 

80 0 

620 

60 

d 

112 2 

159 0 

210 

2,900 

73 0 

551 

C3 

9 

106 CO 

164 0 

212 

2,500 

76 6 

59 0 

12 

9 

10") 9 

157 5 

204 

2,200 

700 

540 

G3 

d 

IW 1 

165 0 

211 

2500 

606 

47 4 

10 

9 

9S2 

159 0 

200 

2,900 

910 

725 

12 

9 

91 1 

1510 

192 

2,450 

79 5 

63 8 

lo 

9 

917 

162 2 

197 

2 700 

830 

685 

21 

9 

888 

1615 

196 

3,100 

94 2 

79 0 

12 

d 

87 2 

164 0 

194 

3)500 

853 

721 

17 

0 

86 8 

173 5 

2 02 

8,300 

95 0 

820 

20 

9 

S64 

159 0 

189 

3,350 

105 0 

890 

18 

0 

860 

168 0 

196 

2,830 

848 

727 

51 

d 

81 7 

166 5 

194 

2 600 

62 5 

53 5 

31 

9 

81 7 

162 0 

190 

3,730 

115 0 

980 

S2 

9 

839 

1580 

185 

3,000 

943 

610 

50 

9 

833 

158 0 

185 

2,100 

664 

567 

5j 

0 

821 

163 0 

188 

2,100 

640 

55 0 


9 

822 

153 0 

179 

2,600 

84 9 

72 6 

35 

9 

806 

165 5 

188 

3,000 

91 0 

800 

62 

9 

800 

156 0 

ISO 

2,300 

74 0 

64 0 

2G 

9 

791 

150 0 

179 

3,250 

104 0 

907 

62 

o 

78 3 

148 5 

171 

2,000 

67 0 

580 

3i 

9 

77 1 

152 5 

1 74 

2,200 

721 

63 2 

50 

9 

77 0 

153 0 

174 

2,700 

88 2 

77 5 

10 

9 

74 2 

107 5 

183 

3,200 

95 5 

875 

43 

9 

71 8 

154 5 

174 

2,400 

77 6 

680 

23 

$ 

73 9 

150 5 

168 

2,800 

93 0 

83 0 


of these the increase was 27 5 per cent by height While this is 
interesting, it is not consistent with the findings in the other cases 
How ei er, in these four cases, after the weight reduction there was an 
increase in the vital capacity by surface area, bringing it nearly to 
normal This study would indicate that the tendency to dyspnea which 
IS common in people who are overweight is possibly, in part, accounted 
for b) a reduction in vital capacity Presumably, it is wise to reduce 
the weight of overweight persons slowly, if they complain of symptoms 
suggesting cardiac embarrassment This is especially so if their vital 
capacity show's a definite reduction 
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CONCLUSION 

This study seems to warrant the following deductions 

1 Using standards based on persons between the ages of 20 and 
30, the vital capacity is within normal limits up to the age of 50, there- 
after the fall is gradual, reaching 50 per cent at the age of 85 The 
greatest drop is between the ages of 50 and 60 

2 The vital capacity of obese and “overweight” people is but slightly 
less than normal, using the height standard, but averages 20 per cent 
less by surface area, up to the age of 50 

3 The height standard, or the addition of 20 per cent to the result 
obtained by using the surface area standard may be used in estimating 
the vital capacity of obese or “overweight” subjects 

4 The tendency to dyspnea, which is often present in people who 
are much overweight, may be accounted for, m part, b)'^ a reduction 
of the vital capacity 

5 It appears advisable to reduce the weight of obese people slowly, 
if there are annoying symptoms of a cardiac nature This is especially 
so if the vital capacity shows a definite reduction 



ACID-BASE EQUILIBRIUM 

I CLINICAL STUDIES IN ALKALOSIS * 

ALFRED E KOEHLER 

JIADISON, WIS 

Although the piactical aspects of the acid-base equilibrium problem 
are appreciated by the clinician, the observations and discussions have 
been limited to a large degree to those cases in which the equilibrium 
has been shifted toward the acid side Observations reported in the 
la^t few years and our owm studies indicate that an alkalotic condition 
of the body is perhaps as important clinically, if not more so, than an 
atidotic condition In an acidosis resulting from the ingestion of 
fixed acids, from the retention of carbon dioxid, from deficient 
oxidation with the resulting accumulation of acid metabolites, or by 
acid retention due to renal involvement, there is at first an increased 
lung \ entilation, but only after a decided acidosis of pn 7 1 — 7 0 is 
there a marked disturbance of the normal physiological functions 
characterized by unsteadiness of motion, stupor and a coma, usually 
passing into death 

In order to clarify the discussion it is well to recall the possible 
Aanations in the acid-base balance as presented recently by various 
writers in a gieatly clarified manner The fundamental conception 
which displaced the chaos and confusion of this pioblem with a 
practical working knowdedge was set forth by Hasselbach ^ He 
‘^how'ed that in blood there w'as a definite relationship among three 
interdependent \ariables, NaHCOg, CO, and />h, so that the determi- 
nation of any tw'o wmuld gue the third 

H.CO. 

/.„ = K 

NaHCO, 

W lien tlie reaction of the blood is normal, = 7 4, the ratio of 

HnCO^ to NnI■JCO^ is as 1 is to 20 or 

0 00155 mol per liter H COa 1 

= — equiv to f>ii = 74 

0 0110 mol per liter NaHCOi 20 

The mathematical relationship Hasselbach gave as follow'S 

NaHCOj 
/’ll = pKi -p log 

H-CO. 


♦ r rom the Laboratorj of Physiological Cliemistry, University of Wisconsin 
1 Hasselhilch K \ Die “rcdiizicrte” und die “regulierte” Wasserstoff- 
zahl des Bhites, Biochcm Ztschr 74 56, 1916 
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The value of pKj^ was shown by Haggard and Henderson ^ to be 
6 10 An example for normal blood would be 

50 (vol % CO 2 as NaHCOa) 

610 + log — pii = 7 ^ 

2 5 (vol % CO 2 as H 2 CO 2 

However, it has been more recently shown by L J Henderson ® 
that the above interdependence of the three variables, pn, NaHCOg 
and HoCOg extends also to three more important simultaneous 
variables, namely free oxygen (HbOg) and the chlorid content of 
the plasma (PCI) This may also be presented as follows 

H CO 3 O 2 pii 



NaHCOa Hb 02 PCI 

The above conception is indeed a very helpful simplification of 
the heretofore indefinite notions of the relation of the blood buffers 
It IS also altogether probable that this interdependence applies not 
only to the respiratory vanables but that a mathematical expression 
can be formulated including all the buffer systems of the blood, as 
for example 

NH2PO4 Acid Proteinate Protein 

pi-i = K = K =: K etc 

N 2 HP 04 Protein Na Proteinate 

It IS, therefoie, apparent that in clinical studies we are only 
concerned with the determination of two vanables m order to define 
our systems Up to the present time these variables have been either 
pn and NaHCOg or HoCOg as CO, tension and NaHCOg D D 
Van Slyke has given a very clear presentation based on the above 
three variables of the possible variations m acid-base balance He 
sets forth nine possible conditions, all of which may occur clinically 
The bicarbonate may be high, low or normal and in each condition 
the pn may be high, low or normal A helpful terminology has been 
introduced in which abnormal bicarbonate variations with a pormal 
pn are spoken of as compensated and bicarbonate variations with 
abnormal pn as uncompensated alkalosis or acidosis There thus 
occurs a condition of compensated alkali or carbon dioxid excess, 
which condition may pass either to uncompensated alkali excess with 
a high pn, 7 5-7 8, or to uncompensated carbon dioxid excess with a 
low pn, 7 3-7 0 Similarly a compensated alkali or carbon dioxid 

2 Haggard, W H , and Henderson, Y Hematorespiratory Functions, J 
Biol Oiem 39 163, 1919 

3 Henderson, L J Blood as a Physicochemical System, J Biol Chem 
46 411, 1921 

4 Van Slyke, D D Studies of Acidosis, XVII The Normal and Abnor- 
mal Variations m the Acid-Base Balance of the Blood, J Biol Chem 48 153, 
1921 
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deficit may pass cither to uncompensated alkali deficit with a pu of 
7 3-7 0 or to uncompensated carbon dioxid deficit with a pu oi 7 5-7 8 
In order to understand the relationship of the changes within the 
blood to the acid-base balance and oxygen exchange of the body, it 
will be necessary to consider more closely the changes that occur in 
the variables pn, NaHCOg, HoCOg, Oo, HbO, and plasma chlond as 
represented by the L Henderson nomogram during the normal 
circulation of the blood These changes can best be understood from 
a study of the diagram This diagram shows in a qualitative way the 

Alveolar Air 



blood changes m a respiratory cycle The top portion represents the 
lung capillai^ circulation and the bottom portion represents the tissue 
circulation The whole blood represented by the enclosed system is 
dn ided diagramaticall}^ into plasma and red corpuscles or hemoglobin, 
thus making it possible to indicate the changes that take place between 
them A con\ enient place to start to follou the changes indicated in 
the cycle is in the tissue capillary circulation The carbon dtoxid 
produced m the tissues passes to the plasma, where the carbon dioxid 
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tension is lowei The dissociation of the sodium chlorid renders the 
sodium ion available for the formation of sodium bicarbonate with 
the carbon dioxid The passage of the chlonn ion to the HbOo, 
together with the change in oxygen tension, is instrumental in the 
passage of the oxygen to the tissues, leaving HbCl The venous 
blood now carries a large amount of H2CO3 and NaHCOg in such a 
ratio that it has but a slightly lower than that of arterial blood 
The hemoglobin, which has been instrumental in carrying oxygen, is 
now returned as the chlorid When the venous blood reaches the 
pulmonary circulation the reverse processes take place The carbon 
dioxid IS given up to the lower gaseous tension of the alveolar air, 
thus liberating the sodium This would, however, leave the plasma 
too alkaline, so the chlonn passes from the hemoglobin to the plasma 
to again form sodium chlorid This change, together with reversed 
change in oxygen tension, enables the oxygen to pass from the alveoli 
to the hemoglobin The arterial blood then carries HbOg and the 
chlonn as sodium chlorid ready to repeat the cycle It must, however, 
be remembered that this is merely a schematic representation of a 
few of the vanables of a very complex system and that the reason 
for the changes and their exact mechanism of action is very imperfectly 
understood 

Two methods have been used for accurate determinations of 
acid-base variations m whole blood In this laboratory we use the 
gas chain method for determining the pH and the Van Slyke apparatus 
for determining the total carbon dioxid Haggard and Henderson ^ 
have introduced a method by means of which the pn can be measured 
indirectly by equilibrating blood with various known carbon dioxid 
tensions and then determining the combined carbon dioxid for each 
tension In this way, by plotting the total carbon dioxid against carbon 
dioxid tension a pa hne is determined The practicability of this 
method is as yet questionable, inasmuch as it introduces a third 
variable — a change of the oxygen tension of the blood The exact 
effect of this is as yet not clear 

CLINICAL ALKALOSIS 

Clinically alkalosis falls either into alkali excess or carbon dioxid 
deficit In either case the pn is above normal and is usually within 
the limits of pn 7 5-7 8 Alkali excess is usually the result of excessive 
administration of sodium bicarbonate either by mouth or intravenously ® 

5 Howland, J , and Marriott, W McK Observations on the Calcium Con- 
tent of the Blood in Infantile Tetany and on the Effect of Treatment by Cal- 
cium, Quart J M 11 289, 1917 
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Wc ha\e obser\ed it as the result of prolonged administration of 
sodium citrate, sodium acetate and sodium bicarbonate, together with 
sodium salicylate in rheumatic fever Alkali excess also obtains in 
loss of h}drochloric acid from the stomach in pernicious vomiting or 
in pyloric obstruction with subsequent vomiting or washing out the 
stomach for several days with a stomach pump ® 

In uncompensated carbon dioxid deficit the pn is above the normal 
limits, thus designating an alkalosis, although there really is a marked 
diminution in blood and body alkali This reduction of alkali is the 
result of a tendency of the body to reduce the alkali to such a level 
that it will compensate the low carbon dioxid level This condition 
can be caused b) voluntary hyperpnea " It also obtains in anoxemic 
dyspnea either as a result of decreased oxygen supply ® or in failure 
of the blood to carr}'' oxygen as in the early hours of carbon monoxid 
poisoning ® It has also been shown to exist in the elevation of body 
temperature by immersion in warm water 

The effects of either alkali excess or carbon dioxid deficit to a 
large extent are the same Unless there is an accompanying renal 
involvement, the urine tends to become alkaline owing to elimination of 
alkali In alkali excess the bicarbonate elimination is very much greater, 
otten several grams per hour, than in carbon dioxid deficit where the 
excretion usually is only a fraction of a gram per hour^^ In either 
case there is a diminution of titratable acids with a comparable decrease 
or even complete absence of ammonia The elimination of acetone 
bodies has also been noted under both conditions A point of difference 
howeier, is the increase in alveolar carbon dioxid m alkali excess and 
a decrease in carbon dioxid deficit 

The outstanding clinical symptoms of a marked alkalosis of either 
t\pe have been well described by various writers as the characteristic 

6 MacCallum, W A, Luntz, J, Vcrniil>e, H N, Leggett, T H , and Boas, 
E Ihc Effect of Pjlonc Obstruction m Relation to Gastric Tetany, Bull 
Johns Hopkins, Hosp 31 1, 1920 

/ Collip, J B , and Backus, P L The Effect of Prolonged Hyperpnea on 
the Carbon Dioxide Combining Power of the Plasma, the Carbon Dioxide 
Tension of Aheolar Air, and the Excretion of Acid and Basic Phosphate and 
Ammonia b\ the Kidncj, Am J Physiol 51 568, 1920 

8 Haggard, W H , and Henderson, Y Hematorespiratorj Functions The 
Fallac\ of \spln.xial Acidosis, J Biol Chem 43 3, 1920 

9 Haggard, W H , and Henderson, Y Hematorespiratory Functions Res- 
piratorv and Blood Alkali during Carbon Monoxid Asphyxia. J Biol Chem 
47 421. 1921 

10 Haggard, \V H , Bazett, H C , and Haldane, J B S Hematorespira- 
tor\ Functions The Alteration of the Carbon Dioxid Ratio in the Blood 
during Ele%ation of Bod\ Temperature, J Biol Chem 44 131, 1920 Some 
Effects of Hot Baths on jMan, J Phjsiol 55, IV, 1921 

11 DaMCs, H W , Haldane, J B S and Kennaway E L Experiments 
on the Regulation of the Blood’s Alkalinitj, T Phjsiol 54 32, 1920 
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development of tetany and, finally, convulsions The various steps 
in the development of tetany are best seen in marked voluntar}"- 
hyperpnea The picture is practically identical with that seen at the 
bedside in severe alkalosis There is at first noted a numbness of the 
extremities especially the fingers This is followed by a tingling of 
the fingers, quivenng of the eyelids and a tenseness of the facial 
muscles The fingers become flexed at the metacarpophalangeal joints 
in a characteristic manner and may suddenly go into a marked spasm 
The facial muscles go into a decided quiver with most marked con- 
traction of the orbicularis oris, risonus and triangularis muscles, 
giving rise to a peculiar gunning expression and difficulty of articula- 
tion Tapping a branch of the facial nerve, Chvostek’s sign for tetany, 
results in spasmodic contraction of the facial muscles 

Erb’s sign of increased electrical irritability of the muscles of the 
forearm is apparently a constant accompaniment of a high blood pn 
Trousseau’s sign is also of diagnostic value in the determination of the 
onset of the tetany of alkalosis 

As to the causative relation of alkalosis to tetany little is known 
beyond a few general observations Biederman showed that the 
excitability of isolated voluntary muscle was greatly heightened by 
increasing, up to a certain limit, the alkalinity of the solution in which 
it was immersed Dale and Thacker demonstrated decreased dura- 
tion of the smo-auncular interval, the aunculoventncular interval and 
the cardiac cycle with increase in hydroxyl ions in perfusion of the 
frog’s heart McClendon obtained similar results in studying the 
effect of reaction on the pulsation rate of the hearts of the jelly fish 
and conch That alkalotic tetany is the result of change in the muscle 
or myoneural junction rather than in the nerve fiber proper may be 
interpreted from the work of Adrian who demonstrated the dis- 
appearance of the supernormal phase of a nerve-muscle preparation 
on the alkaline side of /’h 7 4 when the nerve fiber was submerged 
in a buffered Ringer’s solution He found that this decrease on the 
alkaline side holds good for the recovery of conductivity as well as 
that of excitability 

As yet there is no good evidence that calcium, with its bearing on 
idiopathic and parathyroid deficiency tetany, has any relationship to 
alkalotic tetany Although improvement of the tetanic symptoms can 

12 Grant, S B , and Goldman, A A Study of Forced Respiration Experi- 
mental Production of Tetany, Am J Physiol 52 209, 1920 

13 Biederman Electrophysiology, New York, 1898, p 104 

14 Dale, D , and Thacker, C R Hydrogen Ion Concentration Limiting 
Automaticity in Different Regions of the Frog’s Heart, J Physiol 47 493, 1914 

15 Adrian, E D The Recovery Process of Excitable Tissues, J PhysioL 
54 1, 1920 
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be noted in some cases on administration of a soluble calcium salt,® 
the results do not always run favorably and improvement can, perhaps, 
be attributed to the well known sedative action that calcium has in 
reducing the excitabilit}' of the nervous system That serum calcium 
is low in infantile tetany is shown in a mass of analytical data pre- 
sented by Howland and Marriott,® and recent work by Hastingb and 
Murray ^® shows a similar drop m the tetany following parathyroid- 
ectoni} It IS as yet an open question as to the condition of the acid-base 
equilibrium in these diseases It can, however, be stated with reasonable 
assurance that all tetanies are not alkalotic as to origin 

W ith the foregoing brief survey of our present knowledge of alka- 
losis It was thought desirable to investigate various conditions which 
occur clinically as possibly related to alkalosis 

METHODS 

1 he blood samples were drawn from the median basilic vein of 
tlie arm (unless otherwise stated) A tube containing heavy paraffin 
oil and a small amount of dr} potassium oxalate similar to the one 
described b} Van Sl}ke^' was used A 21 gage needle was used to 
insure the quick flow of blood In order to obtain the sample quickly a 
tourniquet was used at times to insert the needle Determinations were 
usually made within one half hour after the sample was obtained 

DcIl) mmaiion of Total Caibon DioAtd — The total carbon dioxid 
was detei mined directl), using the Van Slyke apparatus on whole blood 
mtliout equilibrating One half cc 20 per cent tartaric acid was 
found even better than normal lactic acid which Van Slyke and Stadie 
had substituted for normal sulphuric acid when using whole blood 
The tartaric acid dissolves the blood proteins completely so that the 
apparatus can be washed clean after each determination 

The hydrogen ion concentration was determined on whole blood 
In means of the h}drogen electrode The electrode vessel was of the 
McClendon pattern but modified so that the platinum electrode could 
be remored as in the Qark electrode design A tenth normal calomel 
electrode and connecting bridge, as previously described,^® was used 

16 Histing":, \ B, and 2sliirra\, H A Observations on Parathj roidectom- 
i7cd Dogs, T Biol Qicm 46 233, 1921 

1/ Van Sl\kc, D D Studies of Acidosis, I The Bicarbonat** Concentra- 
tion oi the Blood Plasma, Its Significance, and Its Determination as a Measure 
01 \cidosis J Biol Qicm 30 289, 1917 

18 Van Shke D D, and Stadie, W C The Determination of the Gases 
of the Blood, T Biol Oicm 49 1, 1921 

19 Koehler \ D \ Tenth Normal Calomel Electrode Design, J 
Biol Giem 41 619, 1920 
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The rocking electrode, connecting bridge and calomel electrode together 
with the washout vessels and Weston standard cell were enclosed in a 
constant temperatuie air bath similar in design to that described by 
Clark but being constructed of double glass walls with an air tight 
dead space in between The temperaure for all determinations was 
25 C The hydrogen which was generated electrolytically was washed 
over concentrated sulphuric acid and ignited by means of heated 
platinized asbestos The hydrogen was saturated with water at 25 C 
by bubbling through wash bottles set within the air bath A Leed'^ and 
Northrup type K potentiometer was used for the potential measurement 


EXPERIMENTAL 

The Blood Reaction lu Acute Feveis — All the cases studied were 
those of students confined at the university infirmary Nearly all 
the cases were those of a gnppe-hke infection with a moderately high 
fever during the first and sometimes the second day after entrance 
and a return to normal in three or four days Dover’s powders, 
5 grains, acetphenetidin, 2 grains and acetylsahcyhc acid, 2 grains, had 
been given in most cases shortly after entrance, at three hour intervals 
In the majority of cases loss of appetite resulted in a very low intake 
of food, often only water having been taken for the preceding twenty- 
four hours 


TABLE 1 — Blood Reaction in Acute Fevers 



Day of 

Tempera- 

Respi- 



Total 


Case 

Sample* 

ture 

ration 

Pulse 

Pii 

CO 2 

EemarLs 

1 

2 

103 4 



7 513 

48 3 

Grippe 


5 

98 0 



7 394 

46 6 

2 

1 

104 0 



7 561 

46 6 

Grippe (no food) 


4 

98 0 



7 431 

30 5 

3 

3 

103 6 

24 

104 

7 516 

41 4 

Bronchopneumonia 


7 

98 7 

15 

65 

7 440 

57 5 


4 

1 

1012 



7 459 

49 8 

Carbuncle on neck 


2 

98 4 



7 410 

503 


5 

3 

103 2 



7 530 

47 5 

Grippe 


5 

98 7 



7 411 

52 6 


6 

4 

103 0 

20 

lOO 

7 600 

46 6 

Influenza (cyanotic) 


8 

98 6 

14 

70 

7 412 

54 6 


7 

1 

103 0 

21 

108 

7 562 

45 0 

Grippe (cyanotic) 


6 

98 0 



7 423 

53 8 


8 

3 

103 6 

24 

116 

7 501 

491 

Grippe 


5 

98 4 

14 

74 

7 421 

52 8 


9 

2 

103 7 

27 

110 

7 557 

41 8 

Grippe 


4 

97 9 

16 

72 

7 413 

517 

10 

9 

103 8 

26 

112 

7 533 

44 9 

Grippe 


5 

98 1 

14 

68 

7 409 

51 8 


11 

1 

103 0 

23 

109 

7 511 

48 0 

Grippe 


4 

98 2 

15 

71 

7 431 

52 2 


12 

2 

102 8 

24 

108 

7 468 

44 7 

Grippe 

3 

97 8 

14 

69 

7 347 

471 


13 

1 

1016 

20 

105 

7 451 

44 8 

Grippe 

3 

98 0 

14 

73 

7 423 

49 0 


14 

4 

103 0 



7 438 

48 5 

Influenza, alveolar 

8 

97 8 



7 428 

556 

abscess 

15 

4 

102 2 

26 

114 

7 431 

445 

Peritonitis, fatal 

5 

105 Ot 

27 

116 

7 362 

44 6 

sixth day 


* Day after onset of illness f Rectal 


20 Clark, W M The Determination of Hydrogen Ions, Baltimore, 1920 
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Of twelve cases studied with a temperature of 103 F or over, ten 
showed an uncompensated alkalosis In the other two cases, one patient 
(Case 14), suffering from hypopituitarism, severely ill with influenza of 
four days’ duration and suffering from an alveolar abscess, showed a 
of 7438, the other (Case 15), a student very ill from a peritonitis and 
septicemia, showed on the fourth day, 102 2 F (axillary), a of 7 431, 
and on the fifth day, 105 0 F (rectal), pn of 7 362, the sixth day 
being fatal In both cases the food intake was practically ml during 
the period of severe illness 

In three cases with a temperature of from 101 to 102 8 F , the 
condition was that of compensated alkalosis 

All cases, except one, showed a drop in fixed carbon dioxid with a 
return to nonual both of fixed carbon dioxid and pu, on recovery 
In one case (Case 2), food was withheld, except in very small 
quantities, for several days on account of abdominal pains and a sus- 
pected peritonitis with the resultant failure of the alkali to return to 
normal even though the pa had recov'ered 


TABLE 2 — Effect of Stvrvation on Blood Reaction 



^ormal 

50 Hours 

77 

Hours 










V i 

Volume 


Volume 


Volume 



per Cent 


per Cent 


per Cent 

Subject 

Pi! 

lotnl CO: 

Pi. 

Total CO: 

Pii 

Total CO: RemarlvS 

CPC 

7 

550 

7 404 

413 

7 365 

38 0 Complete rest 

EBP 

7 301 

5SG 

7 460 

480 

7 381 

43 1 Complete rest 

A E K 

7-137 

54 0 

7 401 

43 0 

7 302 

36 0 Hally -(vorl,. 


Since most of these subjects underwent a period of starvation dur- 
ing high fever, a stud} was made on the effect of short periods of 
starvation on normal persons 

Effect of Starvation on Blood Reaction — Three subjects were 
observ ed, all in good physical condition Two were confined to complete 
rest in bed at the infirmary permitted to do light reading only The 
third subject, fasting for the same period walked to and from work, 
a distance of several miles, and carried on a normal laboratory routine 
during the da} 

Although the development of an acidosis on starvation has been 
looked on as a fact for many }ears, measurements of the actual blood 
changes have been lacking The figures in Table 2 show that even in 
short periods of starvation there is a definite change in p^ toward the 
acid side In all probability this drop in pn is due to the constant 
elimination without replenishing of body alkali with endogenous acids, 
such as phosphonc and sulphuric, from protein catabolism In a 
seventy-seven hour period this drop of alkali still is compensated by a 
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drop in carbon dioxid tension of the body fluids but a condition of 
uncompensated acidosis, especially m a subject not at rest, is approached 
The relation that this tendency toward an acidosis during short 
periods of starvation even at complete rest bears upon the observations 
during fever is important inasmuch as the changes are in the opposite 
direction, thus augmenting the difference This tendency is perhaps 
a factor in “starve a fever” rationale 

To show whether or not the increase of blood pa during an acute 
fever is due to the elevation of the body temperature per se or, perhaps, 
is due directly, or, in part, to the infection, pa and total carbon dioxid 
measurements were made on subjects whose body temperature was 
increased by submersion in warm water 

Subject 1 experienced tingling sensation of fingers, numbness of 
extremities with pm prick anesthesia, saw concentric circles before the 
eyes at fifteen minutes , suffered mental confusion, marked quivering of 
eyelids when attempting to open , was unable to raise eyelids, because of 


TABLE 3 — Effect of Submersion in Warm Water on Blood Reaction 


Subject 1 

Water 
Temper- 
ature, 0 

Oral 
Temper- 
ature, P 

Pu 

Total 

CO 2 

Mm CO 2 
Tension 

Pulse 

Bcspi 

ration 

OMin 

41 

98 

7 390 

68 4 

47 0 

78 

15 

16 Min 

42 5 

102 4 

7 567 

42 7 

24 0 

115 

24 

30 Mm 

43 4 

103 2 

7 603 

381 

201 

132 

29 

Subject 2 

OMin 

41 6 

98 4 

7 420 

51 8 

410 

70 

16 

16 Min 

44 8 

103 8 

7 521 

45 4 

28 0 

132 

24 

20 Mm 

45 

105 3 

7 365 

50 9 

43 0 

120 

27 

Subject 3 

OMln 

42 0 

97 8 

7 479 

53 1 

42 0 

60 

14 

23 Min 

44 0 

104 3 

7 563 

42 2 

28 5 

128 

20 

37 Mm 

44 3 

104 6 

7 441 

47 5 

35 0 

130 

24 


tetanic contraction of the rectus abdominis muscle, and was unable to 
straighten and unable to use limbs 

Subject 2 breathed from 8 to 10 per cent carbon dioxid during the 
period from 15 to 20 minutes The man felt weak and generally dis- 
tressed, with no marked signs or symptoms He said carbon dioxid 
made him feel very much better, and he got up and walked out of the 
tub, with quick recovery 

Subject 3 breathed carbon dioxid during the 5 minute period from 
32 to 37 minutes He felt dizzy, and very weak, had tingling of the 
fingers , mental confusion , numbness of extremities , flexion of wrist 
and metacarpophalangeal joints He felt much better after a 15 minute 
period, said carbon dioxid made him feel very much better 

The acid-base balance of the blood and the various signs and symp- 
toms of the subjects, eithei in natural or hot water fever, offer a 
picture very similar to that already discussed under forced dyspnea 
In order to show this relation more clearly, a few experiments taken 
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irom a paper soon to be published will be helpful Medical students 
in good ph}sical condition ^^ere studied in respect to normal volume 
respiration, normal oxygen consumption, normal carbon dioxid output, 
and again with respect to total carbon dioxid washed out from the 
uhole body and the drop in total carbon dioxid per cc of blood after 
forced hyperpnea The “Benedict Universal” metabolism apparatus 
was used for the determinations 

Volitnfmy Hypcipnea — These subjects developed the characteristic 
tetanic symptoms as described by Grant and Goldman 

That a similar hyperpnea wuth a corresponding picture of changes 
can be produced by a "warm w^ater fever is shown by the following 
experiment, similar to the first, except that in place of voluntary 
hyperpnea the subject was immersed in warm rvater and an otherwise 
normal lesting metabolism rate measuiement w'as made 


TABLE 4 — Acid-Base Balance of Normal Subjects 



Subject 

Normal, 

10 Mmutc 
Period 

Hyperpnea 

10 Minute 
Period 

Difference 

Volume rc'plrntlon c c 

0 H 

80,923 

235,834 

154,931 


E S 

59,739 

251,248 

191,509 

Os consumption, c c 

C H 

3150 

5,065 

1,915 


R S 

2,485 

5,390 

2 905 

COs output c c 

C H 

2 891 

5,909 

3,018 


E S 

2,158 

5,507 3 

3,349 

Blood total CO 2 eolume per cent 

C H 

55 9 

49 7 

0 620 


E S 

59 6 

512 

0840 

Pn 

C H 

7 460 

7 605 

0145 


E S 

7 451 

7 657 

0 206 


FEVER DISCUSSION 


\ arious investigators have fiom time to time dwelt on the develop- 
ment of an acidosis during fe\er until this view has become generally 
accepted A careful examination of the observations on which the 
acidotic vierv has been based in the light of our present knowledge of 
the acid-base balance does not necessarily indicate an acidosis nor even 
an acidotic tendency 

The fact that the alveolar carbon dioxid tension is reduced duiing 
tliermic fer er, as first shown by Hill and Flack has been looked on 
as confirming the acidotic view' *■ It w'lll be remembered, however, 


20 a -Work earned on in cooperation with Dr F J Hodges, Department of 
PInsioIogj, Lnwersitj of Wisconsin 

Flock, M The Influence of Hot Baths on Pulse Fre- 
quence Blood Pressure Bode Temperature, Breathing Volume, and Alveolar 
Tensions of Han, J Phesiol 38 p Ivu, 1909 

1 m ^ Regulating Mechanism of the Body, Physiol Rev 
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that reduced carbon dioxid tension of the alveoli or blood alone may 
be diagnostic of either an acidosis or an alkalosis — the latter of the 
carbon dioxid deficit type as produced by hyperpnea 

Increased metabolism of the animal body during a rise m temper- 
ature has often been associated with an acidosis Increased nitrogen 
elimination has been attributed to an increase in the autolytic processes 
due to increased H ion concentration Mansfeld and Ernst ascribe 
the increased protein destruction in fevers to the thyroid gland with 
Its well known control over body oxidation Recently, howevei, 
Du Bois,^^ in studying the basal metabolism in fever, has shown that 
the rate of oxidation in the animal body is directly proportional to 
the rise in temperature according to the temperature law of van’t Hoff 
Thus for every 10 degrees rise in temperature the rate of oxidation is 
increased approximately 2 5 times He has shown that the basal 
metabolism of a fever patient is 13 per cent higher for each degiee 
Centigrade above normal 


TABLE 5 — Experimentai Hyperpnea in a Normal Subject Produced by 

Submersion in Warm Water 





Volume 

O 2 Con- 

COs 

Blood 





Water 

Oral 

Bespi- 

sumption 

output 

Total 



Eespi- 


Temper- 

Temper- 

ration 

5 Mm 

5 Mm 

COc 



ration 


ature, 

ature, 

per Mm 

per 

per 

Volume 



per 


0 

F 

0 c 

Oc 

C c 

per Cent 

Ph 

Pul«e 

Min 

0 Mm 

421 

98 2 

6,165 

1176 

906 

52 3 

7 432 

68 

10 6 

23 Min 

43 8 

1031 

19,542 

2,317 

1,603 

42 5 

7 621 

128 

19-21 

S7 Min 

440 

103 8 






130 

20-24 


The excretion of acetone bodies during a fever does not necessarily 
mean an acidosis as acetone bodies have been observed in induced 
alkalosis, both m the alkali excess and carbon dioxid deficit types “ 
In fact, Bazett and Haldane noted the excretion of acetone bodies 
during hot baths with all the indications of an alkalosis — diminished fall 
in alveolar carbon dioxid, markedly alkaline urine with high bicarbonate 
and no ammonia elimination 

Thus, it IS readily seen that if the various experiments leading to the 
acidotic conception are examined for definite information as to exact 
measurements for an acidosis, it is, to our knowledge, not obtainable 
Haggard was the first to obtain direct measurements of blood 
changes during immersion in hot water which enabled him to foretell 

23 Mansfeld, G, and Ernst, G ueber die Ursache der gesteigerten 
Eiweisszersetzung und Warmebildung im infektiosen Fieber, Arch f d ges 
Physiol 159 399, 1915 

24 Du Bois, E F The Basal Metabolism in Fever, J A M A 77 352 
(July 30) 1921 

25 Bazett, H C, and Haldane, J B S Some Effects of Hot Baths on 
Man, J Physiol 55 4, 1921 
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a decrease m H ion concentration His conclusions were drawn from 
data obtained by determining the total carbon dioxid in blood and 
alveolar carbon dioxid or carbon dioxid tension of the blood by equili- 
brating i\ith known carbon dioxid tensions After a discussion of the 
A arious mechanical factors that might be responsible for the pn change, 
he concludes that the carbon dioxid ratio is reduced even more by 
physiologic than mechanical factors 

The data presented in this paper by direct pn measurements verify 
Haggard’s conclusion There is a reduction in the HaCOg-NaHCOg 
ratio with a resulting increase in />h In clinical fevers of the acute 
type the pn may mount to 7 6, a value that may be concomitant with 
definite distress The acid-base picture obtained in acute clinical fevers 
is practically identical with that of pure thermic fevers or can be 
duplicated m voluntary hyperpnea Bazett and Haldane report an 
increase in ventilation during hot bath from a normal of 6 to 27 3 liters 
jier minute These investigators believe that the respiratory center 
becomes more sensitive to carbon dioxid with a rise of temperature, 
thus resulting m a hyperpnea Although this may be the main reason, 
other factors may contribute, or, in fact, offer an explanation of the 
foregoing mechanism With the increase in oxidation m the body from 
cl rise in temperature, it is altogether probable that there is a definite 
oxygen want m the tissues, thus resulting in an anoxemic stimulation 
of the respiration An investigation being carried out m cooperation 
with the department of pharmacology, the results of which are soon 
to be published, suggests that, m spite of a blood alkalosis, the early 
1 icw of the hy'drogen ion stimulation of respiration during anoxemia 
IS a possible one This view is based on a study of the rate of trans- 
portation of carbon dioxid from cellular and intracellular fluids to the 
blood and upon a study" of the acid-base balance during anoxemia The 
introduction of this item seems important in a discussion of alkalosis 
inasmuch as v e have no evidence as y"et that blood reaction is a definite 
criterion of the reaction of certain tissues or a group of cells 

Alkalo'iis and Oxygenation of the Blood — An increase of the 
carbon dioxid tension of the blood has usually" been looked upon as 
decreasing its oxygen capacity" This relationship for normal whole 
blood uas the result of the researches of Barcroft and his associates 2 ® 
'Ihe nnestigation of Christiansen, Douglas and Haldane established 
the fact that the concentration of the tivo variables NaHCOg and HoCO, 
determines the concentration of combined oxygen The correlation of 
the interdependence of these Aariables was shown by L Henderson® 

26 B-ircraft, J The Respiraton Function of the Blood, Cambridge, 1914 

27 Qinstianccn T , Douglas, C G , and Haldane, J S The Absorbtion 
and Dissociation of Carbon Dioxid bj Human Blood, J Phjsiol 48 244, 1914 
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and can best be understood by a study of his nomogram Thus, 
normally, an increase in carbonic acid is associated with a correspond- 
ing increase in sodium bicarbonate and H ion concentration so as 
to decrease the oxygenation of the blood Conversely, a decrease in 
carbonic acid would result in increased oxygenation It is, however, 
possible to conceive of a loss of carbonic acid decreasing the oxygen 
capacity of the blood We would like to suggest this possibility as a 
factor in decreasing the oxygenation of the blood under pathologic 
conditions Theoretically this condition could be brought about under 
certain conditions by an alkalosis due either to carbon dioxid deficit 
or alkali excess A better understanding can perhaps be obtained by 
using concrete figures The values have been taken from the nomogram 
of L J Henderson ® and are only approximate 


TABLE 6 — Decreased Oxygenation Due to Alkali Excess 


Pll 

Xormal 7 427 

Abnormal 7 4S0 

HsCOa, 
Mol per L 
000145 

0 00135 

NaHCOs, 
Mol per L 

0 0310 

0 0325 

HbOz, 
per Cent 

90 

10 

o=, 

Mm 

60 

10 

TABLE 7 — Decreased 

Oxygenation 

Due to CO: 

Deficit 


Pii 

Normal 7 427 

Abnormal 7 493 

HcOOa, 
Mol per L 
0 00145 

0 00125 

NaHCOs, 
Mol perL 

0 0310 

0 0312 

HbO=, 
per Cent 

90 

40 

Os, 

Mm 

60 

50 


Several cases have come under our observation which indicate that 
this condition comes into play clinically 

FEVER CASES 

Cases 6 and 7 in Table 1 were definitely cyanotic This cyanosis 
was most marked when the p-^ was the highest and disappeared when 
the acid-base balance returned to normal Both patients were suffering 
from upper respiratory infection with marked constitutional reactions 
It IS, of course, altogether possible that with the complication of the 
high fever and toxemia other factors were instrumental in producing 
the cyanosis 

Case 3 — Female, aged 53, had a chronic myocarditis and was suffering 
from cerebral thrombosis When first seen she had marked dyspnea, Cheyne- 
Stokes respiration at intervals, was markedly cyanotic and irrational 

A venous blood sample was taken from her forearm showing a pa of 7 65 
and total carbon dioxid of 50 1 volume per cent Inhalations of carbon dioxid 
were given from three to ten minute periods several times per da> The 
Cheyne-Stokes type of respiration was absent for several hours after carbon 
dioxid treatment Although dyspnea was augmented at start of carbon dioxid 
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treatment, it was marked!} decreased for periods ranging from several to 
tw'ent}-four hours after the inhalations C}anosis was absent on days on which 
carbon dio\id was given and her mental condition was improved One-half per 
cent of hjdrochloric acid solution with glucose and acacia was also given by 
the rectal drop method in from 300 to 500 c c amounts on two occasions 

After se\eral days of this treatment the blood reaction had returned to 
normal, />„ 7 411, total carbon diovid 53 7 volumes per cent, with her physical 
condition markedh improved On cessation of treatment for forty-eight hours 
or more the former symptoms returned together with a marked cyanosis and 
alkalosis, pn 7649, total carbon dioxid 49 6 volumes per cent Improvement of 
her ph}sical condition w'as again brought about with a return of the blood 
reaction to normal using 10 per cent carbon dioxid and 90 per cent oxygen 
Failure of cooperation on part of the patient made the treatments very diffi- 
cult and later unwarranted Her phvsical condition gradually became worse 
and death resulted from bronchopneumonia 

Postmortem findings by Dr Bunting showed general arteriosclerosis, arte- 
riosclerotic scars in kidnev, cardiac dilatation, hypertrophy, chronic fibrous 
m}Ocarditis, ventricular thrombi, pulmonary thrombosis and bronchopneumonia 
C\si 4 — Male, aged 20, had acute arthritis, aortic and mitral insufficiency, 
miocarditis, chronic lahular disease Patient was given potassium acetate, 
potassium citrate, 15 grains each, and sodium salicylate and sodium bicarbonate, 
10 grains each, everi three hours Patient developed a very marked cyanosis 
and became extremely dvspneic and irrational Respiratory rate mounted to 
from SO to 60 per minute Venous blood p-a 7 563, total carbon dioxid 58 3 
volumes per cent Two days later he w'as still very cvanotic, p-^ 7 623, total 
carbon dioxid 57 1 \ olumes per cent He perspired very markedly Collected 
perspiration and reaction determined, pn 4 281 The alkali administration was 
stopped and from 500 to 1,000 c c of 0 5 per cent hydrochloric acid was given 
per dav for three davs Cyanosis disappeared on second day, and on third day 
patient had a color indicating even higher oxygenation than normal, />h 7 451, 
total carbon dioxid 42 8 ^ol^me per cent With disappearance of cyanosis 
patient again became rational Dyspnea slowdy disappeared and patient grad- 
uall} recovered 

111 the few cases that have come under onr observation it seems 
as if there is a direct correlation between the production of cyanosis 
and certain tjpes of alkalosis In new of the theoretical possibility 
discussed abo\e it is altogether probable that variations in the amounts 
of carbonic acid and sodium bicarbonate, both in ratio and absolute 
amounts, are responsible for a very definite ph)'Siologic distress due to 
the limiting of blood oxygenation 

It IS suggested that a possible explanation of the above mechanism 
ma} be found in a disturb" ncc of the normal shift of the chlorin ion 
between plasma and corpuscle A study of the diagram of the circu- 
lation will permit a better discussion of this view The rapid elimina- 
tion of carbon dioxid from the blood thus causes a carbon dioxid 
deficit which, in turn, results in the passage of the sodium ion into 
the tissue fluids or partially m its excretion in the urine The decreased 
sodium ion concentration thus prevents the transportation of the 
chlorin ion from the hemoglobin and so prevents the formation of 
OX} hemoglobin The stimulation of the respiration from the anoxemia 
w ould result in the elimination of more carbon dioxid, thus really form- 
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mg a VICIOUS cycle The Mew that reduced hemoglobin (HbCU) is 
more basic than oxyhemoglobin (L Henderson®) might also enter as 
a factor, inasmuch as an excess of alkali in the plasma with low 
carbonic acid concentration may increase the basicity of the corpuscles, 
thus stabilizing the hemoglobin chloride combination 

CONCLUSIONS 

The acid-base equilibrium is shifted tow'ard the alkaline side during 
an acute clinical fever If the fever is sufficiently high the alkalosis 
may result in distressing s}mptoms 

Fevei alkalosis is \ei5’’ similar to that of voluntary h}perpnea or 
hot bath hyperpnea and is \eiy probably due to the increased lung 
ventilation 

The acidotic tendency of staivation oftsets, m part, the fe\er 
alkalosis The actual change m />h and sodium bicarbonate due to the 
fever is, therefore, greatei than reported results 

A shift in the acid-base balance towaid the alkaline side may 
apparently be of such a nature as to decrease the oxygenation of the 
blood The concomitant occurrence of a cyanosis wuth a piolonged 
alkalosis and its disappearance upon counteracting the alkalosis has 
been observed clinically Othei factors operating concomitantly maj, 
how'^ever, have been responsible foi the changes 

28 Since the writing of this paper a very interesting obser\at’on has been 
published by Morris (Anoxemia and the Increased Electrical Excitabilitj of 
the Neuromyone, Bnt J Exper Path 3 101, 1922) regarding the effect of 
alkalosis experimentally produced in cats and dogs on the oxygenation of the 
blood His experiments show that an increase in the pu. value of the blood 
wuthin certain limits produced b\ the injection of sodium carbonate (NoCOa) 
decreases the oxygenation of the arterial blood and still more greatlj decreases 
the amount of oxygen given up to the tissues Evidence is also offered that 
the tetanj of alkalosis is an effect of the resulting anoxemia These observa- 
tions are completely confirmatory of our clinical and experimental studies 


PHYSICAL AND CHEMICAL STUDIES OF HUMAN 

BLOOD SERUM 

I A STUDY OF NORMAL SUBJECTS 

D\A‘\ W ATCHLEY, ROBERT F LOEB, 

EIHEL M BENEDICT and WALTER W PALMER 

NEW \ORK 
INTRODUCTION 

This work was originally undertaken in order to discover possible 
physical and chemical changes occurring in blood serum during those 
disturbances of w'ater balance which result in the appearance or dis- 
appearance of edema During the course of these studies, 172 sets of 
determinations have been made, and this paper presents the data from 
tw'enty-eight observations on eighteen normal subjects The pathologic 
material wall be discussed later As w'e have failed to demonstiatc 
any consistent changes accompanying such distm bailees of water balance, 
this publication must be, in the mam, a statistical report We have 
been unable to find m the literature any previous studies of a similar 
natuie that w'ould demand a detailed discussion here They are, in 
general, considerably less complete than this ivork or they present 
definite eriors in method The older \vork is w'ell summarized m 
1 1 D Hamburger’s “Osmotischer Druck und lonenlehre ” Certain 
phjsical properties of the blood ha\e been determined in this country 
b} Gettler, Butterfield and others, but their studies ha\ e usually 
omitted a smiultaueous cleternunation ot the chemical constituents 

METHODS 

1 he following determinations w^ere made on each serum , freezing 
jinint depression, specific conductivity at 25 C , refractive index, chlonn, 
PICOk, glucose, nonprotein nitrogen, total nitrogen, in certain cases 
urea and phospliorus, and more recently, sodium and potassium All 
glassware was calibrated in the laboratory and the standard solutions 
were checked at frequent mtercals Duplicate determinations were 
made 111 practicall} ecery instance M hen possible, all results are 
exprc'^'^cd m milhmols per liter 

I Pi cpai a{wn of Sciuiii — Blood w^as drawm from an arm vein by 
means of a well oiled (hqtiicl petrolatum) sjnnge and w'as delivered 
under trnm 2 to 3 cm of liquid petrolatum m 50 c c centrifuge tubes, 

‘From the Oicmical Dnision, Medical Clinic the Johns Hopkins Uni- 
^er^it) and Hospital, and from the Department of kledicine of the College of 
PluMcians and Surgeons of Cohimhia Uni\cri,it\ •>nd the Prcsb>terian Hospital 
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thereby avoiding any exposure to air In the collection of this blood a 
tourniquet was applied to the arm immediately before the vena puncture, 
but the period of stasis ne\er exceeded two minutes The blood was 
allowed to clot and, after separation of the clot wuth a glass rod, it w'as 
centrifuged The serum was then removed at once and w^as almost 
invariably obtained without hemolysis The time elapsing betw^een 
collection of the blood and separation of the serum was about one hour 
During the time involved m making the determinations, the hydrogen 
ion concentration of the serum did not change to exceed a range of 
fiom 7 7 to 7 A 

2 Fleecing Point Depiession — The standard Beckmann apparatus 
w'^as used with a Heidenham thermometer especially designed foi 
cryoscopy The usual precautions against overcooling w^ere caiefullv 
obseived and mechanical stirring w^as employed The method wms 
checked at frequent inteivals by means of tenth molar potassium 
chlond and 1 per cent sodium chlorid solutions The freezing point 
of conductivity water determined the actual zero for each observation 
and controls weie not accepted wdien diftermg by more than 0005 C 
In the process of obtaining such controls there were often several 
readings at great vaiiance wath the final result, and therefore, the some- 
what uniform final results obtained in a senes of bloods, tend to conceal 
these rather disturbing individual discrepancies This fact leads us to 
doubt the value of cryoscopy as applied to blood serum 

3 Electiical Conductivity — The conductivity w^as determined by 
means of a Kohlrausch bridge designed by Leeds and Northrup A 
constant speed motor generator producing a high frequency alternating 
current supplied the electromotive force Calibrated Leeds and Northrup 
Curtis coils furnished the variable resistances A series of oil con- 
denseis were used to balance the capacity of the cell The conductivit} 
cell was of the Ostwald type requiring about 4 c c of serum The 
cell constant, which approximated 1 5, was determined b> means of a 
standai d tenth molar potassium chlond solution before each observation 
All deteiminations w^ere made m a constant temperature w^ater bath at 
25 C and three different resistances weie used m each determination 
The results are expressed as specific conductivity X 10”^ 

The effect of varying concentrations of protein upon the conductn ity 
has been pointed out by Bugarszky and Tangl ^ and ourselves,- but it 
IS impossible at present to give mathematical expression to this 
correction 

1 Bugarszky, St , and Tangl, F Arch f d ges Phj'siol 72 531, 1898 

2 Palmer, W W , Atchley, D W , and Loeb, R F J Gen Phj'siol 3 
801, 1921 , 4 585 1922 
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When serum, used in our experiments, was resaturated with carbon 
dioxid at alveolar tension, there was no significant change in electrical 
conductivity (less than 0 3 per cent) This would indicate that ve 
were justified in ignoring the slight change in due to loss of carbon 
dioxid 

The fact that the specific conductivity of a solution of sodium 
chlorid IS greater than that of an equimolecular solution of sodium 
bicarbonate explains the greater influence of the chlorin ion on the 
conductivity of serum This fact may frequently be observed in our 
tables 

4 Ref 1 active Index — An Abbe type of refractometer manufactured 
by Valentine and calibrated by the U S Bureau of Standards was 
used The refractivity of conductivity water was determined each 
time, and from the difiterences between this figure and the index of the 
serum, the protein per cent of the serum was calculated according to 
Robertson ^ The refractive index is expressed as n D X 10”^ Temper- 
ature corrections are less than the limits of accuracy of the method 
and hence were omitted 

5 Piotein Pei Cent — {a) Calculated from refractive index as 
described above 

(&) The protein per cent was also determined in all cases as 
follows Total nitrogen was determined in duplicate on 1 c c of serum 
by the Kjeldalil method and from this value was deducted the nonprotein 
nitrogen. This result, representing the protein nitrogen, was multiplied 
by 6 25 to determine the per cent of protein 

6 Nonprotein Niti ogen — This was determined by the method of 
Fohn and Wu ^ 

7 Urea — This was determined by Marshall’s method "" 

8 Glucose — This was determined by the method of Fohn and 
Wu « 

9 Carbonate Capacity — This was determined by the method of 
Van Slyke " in calibrated pipettes 

10 Sodium — This was determined by the method of Kramer and 
Tisdall ® In our hands this method has not been entirely satisfactory 
in dealing with serum, although determinations on inorganic solutions 
were invariably correct 

3 Robertson, T B J Biol Chem 11 179, 1912 

4 Fohn, O , and Wu, H J Biol Chem 38 81, 1919 

5 Marshall E K, Jr J Biol Chem 15 487, 1913 

6 Fohn, O , and Wu, H J Biol Chem 41 367, 1920 

7 Van Slyke, D D , and Cullen, G E J Biol Chem 30 289, 1917 

8 Kramer, B , and Tisdall, F F J Biol Chem 46 467, 1921 
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11 Potassium— This was determined by the method of Kramer 
and Tisdall ® 

12 Phosphonis —This was determined by the method of Marriott 
and Haessler^o This method was given up because the molecular 
concentration of phosphorus is too low to be of significance in this work 

13 Chloiids — The chlorid method was devised by us and com- 
prises parts of the Van Slyke and Donleavy and the Wetmore 
methods It is similar in principle to that described by Myers and 
Short The technic of our method is as follows to 2 c c of serum 
are added 23 c c of distilled water and 15 c c of a saturated aqueous 
solution of picric acid The solution is filtered and to a 20 c c aliquot 
are added 5 c c of the standard silver solution described by Wetmore 
The solution is agitated and allowed to stand for twenty minutes It 
IS then titrated without filtration using the Wetmore thiocyanate solu- 
tion The end-point is a definite change from light yellow to orange 
This method agrees accuratel}^ with the Van Slyke and Donleavy 
method and the distillation method of Bell and Doisy All determi- 
nations were made in duplicate and titration variations of more than 
0 06 c c w ere discarded 

DISCUSSION 

Little generalization and no detailed statistical analysis is justified 
by the limited amount of data presented It is interesting, however, to 
note that there are but relatively slight variations between determina- 
tions on the same and on difterent individuals, although the blood 
samples w ere collected without regard for time of da}’^ or diet 

9 Kramer B , and Tisdall, F F J Biol Chem 46 339, 1921 

10 Marriott, W McK, and Haessler, F H J Biol Chem 32 241, 1917 

11 Van Siike, D D and Donleavy, J J J Biol Chem 37 551, 1919 

12 Wetmore, AS J Biol Chem 45 113, 1920 

13 Mrers V C, and Short, J J T Biol Chem 44 47, 1920 

14 Doisj E A , and Bell, R D J Biol Chem 45 427, 1920-1921 



PHYSICAL AND CHEMICAL STUDIES OF HUMAN 

BLOOD SERUM 


II A STUDY OF TWENTY-NINE CASES OF NEPHRITIS 

DANA W ATCHLEY, ROBERT F LOEB, 

ETHEL M BENEDICT and WALTER W PALMER 

NEW YORK 
INTRODUCTION 

This paper presents fifty-two sets of observations on a senes of 
twenty-nine cases of nephritis The study includes five cases of acute 
nephritis, nine cases of uremia and fifteen cases of chronic nephritis, 
with and without edema The scope of the investigation and the 
methods employed have been fully described in a previous communi- 
cation ^ We have found no new relationships between the laboratory 
findings and the clinical diagnosis, and therefore we shall omit detailed 
clinical descriptions 

DISCUSSION 

1 Acute Nephiifis — These cases were typical but rather mild 
examples of acute nephritis with more or less hematuria The serum 
analyses show no significant deviations from the normal figures except 
for an occasional increase in the nonprotem nitrogen The serum 
chlorides were usually on the upper limit of normal Attention may be 
called to the fact that the per cent of protein in the serum is seldom 
below the normal in spite of the presence of some edema 

2 Chomc Nephitis — A satisfactory classification of the conditions 
collectively known as chronic nephritis is impossible at the present time 
It seems to us, however, that Widal’s division of these cases empha- 
sizing on the one hand nitrogen retention and on the other salt and 
water retention, affords today the most reasonable basis for clinical 
study Among the seven cases of salt and water retention nephritis in 
our series, there are five which show a definite and unusual relationship 
hitherto undescnbed In all of our other cases, normal and pathological, 
there has been a rough but consistent relationship between the con- 
ductnity of the serum and its content of chlorin For example, with a 
conductivity of 120, the chlorin content is usually about 103 milhmols, 

* From the Chemical Division Medical Clinic the Johns Hopkins Uni- 
versity and Hospital, and from the department of Aledicine of the College of 
Plrisicians and Surgeons of Columbia University and the Presb\terian Hospital 

1 Atchley, D W , Loeb, R F , Benedict E M , and Palmer, W W , 
Paper I of this series 
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and with a conductivity of 124, the chlorin concentration is about 109 
milhmols In the five cases mentioned above the conductivity is dis- 
tinctly higher than might be expected from the amount of chlorin 
present, whether the amount of chlorin be normal or increased, nor is 
this discrepancy explained by increased HCO '3 content For example, 
patient Gri (Table 2) has a conductivity of 129 6 when the chlorin 
value was 105 6 milhmols — a chlorin concentration within the limits 
of normal In view of the work of Bugarszky and Tangl - and our- 
selves on the effect of protein concentration on electrical conductivity,’’ 
it Avas thought possible that the peculiar relationship between con- 
ductivity and chlorin concentration in these cases of nephritis might 
be the result of a smaller amount of protein in their sera The case of 
R (Table 2) suggests, however, that this explanation may not be 
sufficient in itself In this case there intervened between the first and 
second observations four days during which time the conductivity- 
chlorid discrepancy had disappeared without change in the chlorin or 
protein concentrations It is interesting to observe that during this 
same interval the patient’s edema disappeared 

In this woik we have been unable to detect any consistent physical 
or chemical change occurring during the process of diuresis, and we 
were unable to find any undescribed changes in the cases of chronic 
nephritis with nitrogen retention 

3 Ui emia — The low concentration of chlorin so frequently described 
in uremia was found in most of our cases There was, however, no 
consistent diminution in the Na+ content coincident with this decrease in 
chlorin The general dependance of the conductivity upon the chlorin 
concentration is well demonstrated m Table 3 

CONCLUSIONS 

1 This papei presents the results of certain physical and chemical 
determinations on the sera of tAventy-nine cases of nephritis 

2 A hitherto undescribed relationship between electrical conduc- 
tivity and chlorin concentration (“conductivity-chlorid discrepancy”) 
has been pointed out in certain cases of salt and water retention 
nephritis In these cases the conductivity is definitely greater than 
would be expected from the chlorin concentration 

2 Bugarsky, St , and Tangl, F Arch f d ges Physiol 72 531, 1898 

3 Palmer, W W , Atchley, D W, and Loeb, R F J Gen Physiol 3 
801, 1921, i 585, 1922 



PHYSICAL AND CHEMICAL STUDIES OF 
HUMAN BLOOD SERUM 

III A STLn\ or jMISCELLANnOUS DISEASE CONDITIONS 

DANA W ATCHLEY, ROBERT F LOEB, 

ETHEL jM BENEDICT am) WALTER W PALMER 

NCU \ORK 
INTRODUCTION 

In prcMOUS coininunications A\e have presented the lesults of certain 
pin sical and chemical observations on a senes of normal individuals ^ 
and patients nith renal disease In one of these papers/ we have 
described our methods in detail and have discussed the general purpose 
of the investigations In tins paper ive have collected seventy-six sets 
of deter'-'iinations on thirty-seven miscellaneous disease conditions The 
group includes ele\en cases of caidiac insufficienc}'^ with edema, six 
cases of diabetes mellitus, five cases of acute respiratory infection, two 
cases of toxaemia of pregnancy, thiee cases of cirrhosis hepatis with 
ascites two cases of tuberculous pleuiisy with eftusion, twm cases of 
diabetes insipidus one case of cerebial hemorrhage, one case of pyloric 
stenosis two cases of malignancy of the peiitoneum, and one case of 
ascites of unknowm etiology As w'e have stated elsewhere,® case 
hisioiics aie omitted because no attempt is made to point out new 
relationsiiips between clinical entities and the laboratory findings 

DISCUSSION 

1 Caidiac Dccovipcnsahon with Edema — These cases are grouped 
together because they show more or less edema, primarily of cardiac 
oiigin The underlying conditions responsible for the cardiac insuffi- 
cienc} include valvular disease, hypertension and chronic nephritis 
From Table 1 it is quite apparent that we have observed no consistent 
plnsical or chemical changes in the serum accompanying the process 
of diuresis For example, in case Sm , there is a considerable decrease 
in the freezing point depression, conductivity, and chlorin concentration 
w ith an increase m protein per cent , wdiereas, in Case Lo , there is a 

♦From the Chemical Di\ision, Medical Clinic, the Johns Hopkins Uni- 
\crsit\ and Hospital and from the Department of Medicine of the College of 
Phjsicians and Surgeons of Columbia University and the Presbyterian Hospital 

1 Atchlej, D W, Loeb, R F, Benedict, E M , and Palmer, W W 
Paper I of this series 

2 Atchlej, D W, Loeb R P, Benedict, E M and Palmer, W W 
Paper II of this senes 



TABLE 1 — Cardiac Decomplnsation with Edema 
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marked increase in freezing point depression, conductnity, and chlonn 
concentiation, with no change in the protein per cent Althougli \\e 
have observed no consistent changes associated with diuresis, it is 
interesting to note that whenevei there is a change in the amount of 
edema present, there is some coincident change in the physical or 
chemical properties It has been impossible for us to predict the degi ee 
or direction of these changes Quantitatively, however, they are very 
definite and usually exceed the maximal variations in a normal 
individual 

In the case of Pu , the changes during diuiesis are quite unusual 
This patient entered the hospital on two occasions separated by an 
interval of four months On both admissions the patient had maiked 
edema which disappeared rapidly following rest in bed and the admin- 
istration of digitalis The clinical improvement in both instances was 
accompanied by qualitatively similar changes in the blood serum Whth 
a constant conductivity and protein per cent there was a considerable 
decrease in chlonn concentration with a simultaneous increase in the 
HCO' concentration These variations in chloi in and HCO '3 concentra- 
tions do not appear to be equimolecular Each time at the completion 
of diuresis, the seium returned to noimal 

2 Diabetes Melhtns — The sera in these cases (Table 2) show no 
abnormalities that have not been fiequently described 

3 Acute Rcspii atoi y Infections — In case A (Table 3), the blood 
was taken at the onset of an acute streptococcus sore throat and showed 
no deviation from noimal other than a slight increase m conductivity 
and chlonn concentration The other determinations were made on 
patients with lobai pneumonia and show the usual changes desciibed in 
this condition 

4 To.xaenua of Picgnancy — Except foi case Co (Table 4), no 
new facts are brought to light by the investigation of this group of 
cases The case Co shows the same deciease in chlonn concentration 
and increase in a HCO '3 concentration with practically no change in 
conductivity and little change in protein per cent that was described 
above in case Pu of the cardiac series (Table 1) The changes in 
this instance, also, accompanied the loss of edema and, again the 
changes were not equimolecular 

5 Cm basis Hcpatis — These three cases were classical examples 
of portal cirrhosis and it is interesting to note the wide spread vanations 
in all of the determinations 

6 Miscellaneous Gioup — No conclusions can be drawn from the 
analysis of isolated cases and Table 6 is presented for statistical pur- 
poses only 
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CLINICAL MEDICINE I Tuesday Clinics at the Johns Hopkins Hospital 
Bj LE^\ELL\s F Barker, MD, LLD, Visiting Physician to Johns Hop- 
kins Hospital Cloth Price, $7 net Pp 617, with 66 illustrations Phila- 
delphia \\' B Saunders Company, 1922 
The author states that this volume has been prepared to meet the request 
of manv former students that a report of the work at his clinics be published 
He furthermore, presents this work as a plea m defense of the amphitheater 
clime or rather a modified tvpe of such a clinic, in which the student 
participates 

A portion of the first chapter is devoted to the method of making a diag- 
nosis The author states that in an ordinary obscure case, in addition to 
the historj, physical and ordinary laboratory examination, there should be 
included roentgenograms of dead teeth and paranasal sinuses, roentgeiioscopic 
examin-ition of the thorax and gastro-intestinal tract Furthermore, the 
patient should be examined bj the various specialists, and only after data 
from these \anous sources have been secured should the physician attempt to 
make a diagnosis The question might arise as to how a student thus taught 
would make a diagnosis m case he engages in country practice or become a 
consultant 

He illustrates his method in the first clinic in a case in w'hich the diagnosis 
of carcinoma of the bronchus is finally made The author states that the 
hislori and phjsical examination pointed to the thorax as the seat of the 
trouble The patient w'as given, how'ever, a test breakfast, had roentgenograms 
made of teeth, sinuses, thorax, spine and the gastro-intestinal tract, and was 
examined b\ a larMigologist a neurologist, a urologist and an orthopedist It 
would appear that the diagnosis might have been armed at much more directly 
and w ith less inconvenience and expense to the patient if a well trained internist 
Ind taken a careful historv and made a physical and roentgen-ray examination 
of the chest Cumbersome methods of making a diagnosis, with consequent 
added cost to the patient, should not be encouraged 

The author’s free use of unfamiliar terms, such as “virusemia,” “tabagism,” 
“cerebntis’ and “abdominous” might confuse both student and practitioner 
One sentence might be quoted to illustrate this point further “The patient 
has therefore, not onI\ an oliguric, albuminuric, cylindruric and hematuric 
renal disease Init also a Inpocliloruric, hjpozoturic and hvposthenuric renal 
disease ' 

Thirt\-oiic diseases are discussed in the clinic, including eight clinics on 
neiirologc Dr Barkers method of anaKsis of semptoms from the standpoint 
of pathologic phasiolog\ is highh commendable, as is also the method of 
teaching m which the students actueh participate 

When, howeier such clinics arc put into book form much of the rest is 
eliminated As the author states “No textbook and no manual can accom- 
plish this so well as can a clinic conducted bj a luing human personalit\ ” 
To the former student who can create a mental picture of the entire scene, 
no doubt this book will be read with both interest and profit To others, how^- 
c\er seeking for specific information on some subject the search for such 
knowledge ina\ pro\e quite wearisome Perhaps its greatest value is for the 
teacher of medicine who proMded he has not alreadc adopted this dialogue 
method ot imparting knowledge can profitabK peruse the pages of this book 
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OBSERVATIONS ON THE VALUE OF PHENOLTETRA- 
CHLORPHTHALEIN IN ESTIMATING 
LIVER FUNCTION ^ 

GEORGE MORRIS PIERSOL, MD, and H L BOCKUS, MD 

PHILADELPHIA 

In 1913, Rowntree, Hurwitz and Bloomfield,^ in making a resume 
of all known methods for testing the functional capacity of the liver 
concluded that they were all of little value in that they did not deal with 
functions specific to the liver They made the possible exception of 
the urobilinogen test, which they found positive m most mild diseases 
of the liver, but it gave no information as to the extent of liver injury, 
as it entirely lacked the quantitative side It was of no value, therefore, 
from the standpoint of prognosis 

During the course of a pharmacologic search for a cathartic of 
protracted action, it was discovered by Rowntree and Abel ® in 1909, 
that phenoltetrachlorphthalein was eliminated entirely by the liver, and 
they descnbed its properties They found it to be an odorless, tasteless 
chrystalhne substance, insoluble in water and forming deeply colored 
hydrohzable salts with alkalies They found its avidity as an acid not 
far removed from phenolphthalein Its ionization constant has not 
been determined The dye was first prepared by Orndorff and Black ^ 
in 1908 

Rowntree and his associates first advocated the use of tetrachlor- 
phthalein to test the functional capacity of the liver They injected 
See (400 mg ) of the dye diluted to 100 c c with physiologic solution 
of sodium chlond intravenously by the gravity method Catharsis was 
instituted at 6 a m with Epsom salts and the dye injected at noon, 

■^From the Gastro-enterological Chnic of the Graduate School of Medi- 
cine of the University of Pennsylvania 

Read before the Association of American Physicians, Washington, D C , 
May 4, 1922 

1 Rowntree, Hurwitz and Bloomfield Experimental and Clinical Study 
of the Value of Phenoltetrachlorphthalein as a Test for Liver Function, Bull 
Johns Hopkins Hosp 23 327, 1913 

2 Abel, J J . and Rowntree, LG On the Pharmacological Action of 
Some Phthaleins and Their Derivatives, with Especial Reference to Their 
A.ction as Purgatives J Pharmacol & Exper Therap 1 231. 1909 

3 Orndorff, W R , and Black, J A Phenoltetrachlorphthalein and Some 
of Its Derivatives, Am Chem J 41 349, 1909 
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followed by cathartic pills, if necessary Little attention was paid to 
the diet Stools were collected for forty-eight hours following the 
injection The dye was separated from the stool, and the amount 
excreted was estimated in the Rowntree-Geraghty modification of the 
Autenreith Koenigsberger colorimeter They experimented on dogs 
u ith biliary fistulas and found that the dye appeared free in the bile in 
fifteen minutes following its intravenous administration, and that in 
forty-eight hours, from 35 to 55 per cent of it could be recovered in 
the feces Their studies indicated that the excretion of tetrachlor would 
be useful in the estimation of the functional capacity of the liver 

Whipple, Pughtal and Clark ^ showed that the normal output of dye 
in the feces of dogs was remarkably constant, and that the drop m 
tetrachlor output ran parallel to the amount of liver injury Passive 
congestion of the liver of moderate degree caused little impairment of 
function and showed a normal output of dye They found that destruc- 
tion of liver tissue by the actual cautery caused a prompt drop in the 
tetrachlor output Delay of dye excretion from such an injury was 
present but could not be demonstrated m work with the feces They 
found the urine of dogs free from dye or, at most, only a trace (pink 
on adding alkali), following the injections 

Sisson ® found the normal output of dye in the feces to be about 
35 per cent He reached no definite conclusion as to the clinical value 
of the test 

Chesney, Marshall and Rowntree ® found the lower limit of dye 
elimination m the feces to be 30 per cent of the amount injected in 
forty-eight hours The dye was never found in the urine in health 
after the administration of 400 mg , according to these observers 

Krumbhaar," in 1914, in summarizing the status of functional liver 
tests, concludes that although no satisfactory single test for the func- 
tional capacity of the liver has yet been accepted, the tetrachlor test of 
Rowntree promises the greatest value McLester and Frazier,® in 1915, 
following Rowntree’s techmc, concluded that “this test taken alone in 
Its present form is of no value clinically” Kahn and Johnston,® in 


4 Whipple, Pughtal and Clark Tests for Hepatic Function and Disease 
Under Experimental Conditions, Bull Johns Hopkins Hosp 24 343, 1913 

5 Sisson, W R. A Clinical Study of Two Hepatic Functional Tests, 
Arch Int Med 14 804 (Dec ) 1914 

6 Chesnej, A M , Marshall, E K, and Rowntree, L G Studies in 
Lner Function, J A M A 63 1533 (Oct 31) 1914 

M J lOo'nJTocf 10) Functional Liver Tests, New York 

8 McLester, J S , and Frazier, B Phenoltetrachlorphthalein Test for 
Lner Function, J A M A 65 38S (July 31) 1915 

9 Kahn, M , and Johnston, J B The Phenoltetrachlorphthalein Test for 
Lner Function New lork M J 102 848, 1915 
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1915, following the same technic, reached a similar conclusion after 
studying a series of thirty-four cases 

In 1916, McNeil modified the Rowntree method by inserting tlie 
duodenal tube into the duodenum and injecting 400 mg of the dye 
He recorded the time of first appearance of the dye in the bile The 
bile was obtained by aspiration He collected all the bile excreted in 
two hours in this way and estimated the percentage recovered The 
difficult and cumbersome technic of the feces method and the conflicting 
opinions regarding its value, stimulated him m the study He found 
that the dye first appeared in the bile normally (six cases) m from 
twelve to twenty-one minutes and that the total amount recovered 
through the duodenal tube in two hours varied from a trace to 10 per 
cent The greater part of the dye was excreted dunng the first hour 
The first appearance time of the dye in five cases of Laennec’s cirrhosis 
varied from twenty-eight to forty-five minutes He found a normal 
output of dye in three of these cases and practically no dye was 
recovered in two cases He concluded that the dye elimination was of 
little value, but that its appear?Lnce time was decidedly delayed in 
certain pathologic conditions of the liver Kahn,^^ m 1921, modified 
this procedure somewhat by stimulating the flow of bile into the 
duodenum He administered a solution of magnesium sulphate and 
aspirated every ten minutes 

Aaron, Beck and Schneider modified the duodenal technic and 
introduced a stable preparation of the dye They believe that the 
quantitative estimation of the dye excreted is of little value, owing to 
the uncertainty of the quantity passed out through the bowel Conse- 
quently, they were satisfied with estimating the time of appearance of 
the maximum color They made it possible to get a much more reliable 
appearance time of the dye by establishing a drip from the tube This 
was accomplished by the administration of 500 c c of water by mouth 
and injection of the dye after a steady drip from the tube was estab- 
lished They reported 17 2 minutes as the average appearance time of 
the maximum color in the bile in sixteen normal cases, whereas the 
average in six pathologic cases was thirty-two minutes 

Summarizing the work which has been done, we conclude that the 
study of Rowntree, Hurwitz and Bloomfield, and of Whipple, Pughtal 

10 McNeil, H L The Quantitative Estimation of Phenoltetrachlor- 
phthalein Excreted in the Fresh Bile in Disease of the Liver, J Lab & Clin M 
1 822, 1915 

11 Kahn, M Phenoltetrachlorphthalein Test on the Duodenal Content, 
J A M A 77 41 (July 6) 1921 

12 Aaron, A H , Beck, E C, and Schneider, H C The Phenoltetrachlor- 
phthalein Test for Liver Function, JAMA 77*1631 (Nov 19) 1921 
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and Clark carried out both clinically and experimentally have proved 
the following 

1 That since phenoltetrachlorphthalem is eliminated solely by the 
bile in health, it makes an ideal substance for testing the function of 
the liver 

2 That the forty-eight hour output of dye in the feces is fairly 
constant in health 

3 That the time of appearance of the dye in the bile is of decided 
importance, but it cannot be determined by the feces method 

4 That the dye output decreases as the hepatic parenchymal damage 
becomes moie extensive Chesney et al and Krumbhaar confirmed 
their clinical findings, whereas Sisson, McLester and Frazier, and 
ICahn and Johnston concluded that the test was of no clinical value 

In view of the difficulty of carrying out the test and the lack of 
sufficient clinical confirmation it has not been widely adopted The 
more recent woik of McNeil, Aaron et al with the duodenal tube 
has, we believe, opened up a new field for investigation We were 
stimulated to go on with this work and attempt to arrive at some 
defimte conclusion, feeling that in view of the demonstrated merit of 
tetrachlor, a technic could be developed which would make this test 
in some measure comparable to the phenolsulphonephthalem kidney 
test After following Aaron’s technic in a few cases, it was decided to 
enlaige on it in order to gather a maximum amount of information 
The series presented includes fifty cases, normal and pathologic The 
data lecorded include the appearance time of the first faint pink, the 
appearance time of the maximum color and the number of milligrams 
of dye eliminated by the liver and obtained from the duodenum during 
a period of two hours when collected at half hourly intervals 

It IS interesting to note that in a number of normal cases, after 
the test was completed, the urine failed to show the presence of any of 
the dye 

OUTLINE or PROCEDURE 

1 The duodenal tube (any type of tube) is passed into the stomach, 
so that the tip is at a point approximately twenty-one inches from the 
lips It IS introduced m the morning on a fasting stomach for two 
reasons (a) the tube passes through the pylorus more quickly on the 
morning fasting stomach , (&) the liver is always in the same physiologic 
condition at this time, its digestive function not being exercised 

2 The stomach is washed by giving two glasses of water b)’’ mouth 
and aspirating until clean Sixty c c of water is introduced into the 
stomach to be retained 
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3 The patient is turned on the right side and the tube is ver\ 
slowly pushed downward by the patient until the tip is at a point 
twenty-seven inches from the lips Lyon’s method was used, allowing 
twenty minutes for the introduction of the tube to this point, the 
patient being instructed to breathe deeply and swallov slowly If the 
tube does not pass the pylorus, it is pulled out to the twenty-one inch 
mark and the proceduie is repeated The passage of the tube into the 
duodenum rarely takes longer than one hour, ban mg organic obstruc- 
tion, adhesions, persistent pylorospasm, or severe degiees of atony or 
ptosis To ascertain whether or not the tip of the tube is in the 
duodenum does not present difficulty The following points indicate 
its piesence in the duodenum (a) Presence of the duodenal tug, i e , 
if the tube is m the duodenum, the plunger of the aspirating syringe 
will return to its previous position when traction is made on it It pulls 
out easily, as a rule, when the tube is in the stomach The water left m 
the stomach can usually be aspirated if this is the case An exception 
occurs to this rule, if the tube is kinked m the stomach (b) Appear- 
ance of pure yellow alkaline bile on aspiration (c) Appearance of 
golden yellow froth (d) Failure to obtain water m the syringe on 
aspirating after half a glass has been taken by mouth (e) Lyon’s 
stethoscope method (/) Thirty c c of warm water allowed to lun into 
the duodenum by gravity, the tube lowered and water syphoned back 
If the tube is in the duodenum, the water will i eturn bile stained This 
procedure opens the sphincter of Oddi and causes bile to be expelled 
This IS probably the most reliable method when all others fail It has 
not been necessary to resort to the fluoroscope If the procedures aie 
carried out in the order as given above, a definite decision as to the 
location of the tip can usually be made 

4 Just as soon as the tube enters the duodenum, 500 c c of water 
IS given by mouth The dye is not injected until a steady drip of bile 
stained fluid is coming from the tube This step, introduced by Aaron 
and his co-workers, is an important one 

5 One hundred and fifty mg of the disodium salt of phenoltetra- 
chlorphthalein as prepared m ampouls by Hynson, Westcott and Dun- 
ning (each c c containing 50 mg ) is injected into a vein and the time 
of injection is recorded 

6 The bile is allowed to drip out into a wdnte basin containing 3 or 
4 c c of a 40 per cent solution of sodium hydroxid 

7 The time of appearance of the first faint pink color is recorded 
The syringe is not to be used If it is necessary to aspiiate, the appear- 
ance time cannot be considered leliable Aspirating every ten minutes, 
as advocated by Kahn, would render the appearance time of little value, 
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as a delay of more than nine minutes might thus escape recognition 
Kahn suggested the use of magnesium sulphate to stimulate the flow of 
bile , this IS unnecessary when the water is given by mouth As Emhorn 
has shov n, a solution of magnesium sulphate when introduced into the 
duodenum stimulates the liver, but the question at issue now is how 
the liver functions under normal conditions and not when under the 
influence of a stimulant 

8 The appearance time of the maximum color, which is a deep 
purple, IS recorded 

9 Each half hour’s output is allowed to drip into a separate basin 
Each basin must contain not more than 5 c c of a 40 per cent sodium 
hydroxid solution It is important to avoid using an excess of alkali as 
It makes the bile pigments more difficult to precipitate In addition 
It gnes the solution a reddish tint which cannot be compared with the 
standard dye The time of injection was taken as the starting point 
of the two hour period, and not time of first appearance of the dye 

10 A continuous slow drip from the tube should be maintained 
throughout the two hour interval This can be accomplished by having 
the patient drink a glass of water every half hour 

To estimate the amount of dye eliminated, the procedure is as fol- 
lows In the absence of a suitable colorimeter, we made up standard 
solutions containing a known amount of dye dissolved in 1,000 c c of 
vater, 100 cc of each of these known solutions of the dye was placed 
in a thoroughly washed 100 c c bottle and tightly stoppered The 
bottles used as standards represent the following amounts of dye m 
mg 01, 02 0 3, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12 5, 15, 17 5 and 20, 
respectuely These solutions will remain practically unchanged for 
from four to six weeks, when a slight precipitate forms, due to the 
alkali of the disodium salt uniting with the silicate of the glass bottle 

Each half hour’s output is run through as follows (o) Pour the 
sample of dye laden bile into a 1,000 cc stoppered graduate Add 
sufficient 40 per cent sodium hydroxid solution to bring out the 
maximum intensity of color Avoid an excess because it makes it 
more difficult to precipitate out the bile pigments If this occurs a few 
drops of nitric acid should be added and the fluid realkalized with 
hjdroxide until the color appears again Dilute to 1,000 c c and shake 
(&) Pleasure out 100 cc of this solution in a graduate and add about 
3 cc of a saturated solution of basic lead acetate and 2 cc of a 
saturated solution of calcium chlorid The acetate solution precipitates 
the bile pigment and the calcium chlorid seems to assist particularly in 
those specimens vhich contain a considerable quantity of bile (c) 
Pour into a 100 c c test tube and heat in a water bath until the pre- 
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cipitate IS being agitated This requires but a few minutes (d) Filter 
to remove the precipitate (r) Pour into a bottle similar to those con- 
taining the standard and make comparative readings 

Dr Edgar N Cowan of the department of Biochemistry of the 
Graduate School of Medicine of the University of Pennsylvania, kindly 
worked out this method of precipitating the bile coloring matter 

Of the fifty subjects studied, thirty-five suffered from a great variety 
of clinical conditions Fifteen had normal livers In order better to 
appreciate the significance of the results, they have been tabulated into 
four groups (Tables 1, 2, 3 and 4) 

Table 1 — As far as can be ascertained clinically, these subjects have 
normal livers Three of them were tested before the technic for the 


TABLE 1 — Output, 19 Mg or More, Fifteen Cases 
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71 
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5 95 
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quantitative estimation was perfected They were placed in this group 
because their livers were clinically negative and their dye appearance 
time more closely conformed to the average time appearance for this 
group In two of the cases the output for the first hour only was 
taken Their first hour output corresponds to the average first hour 
elimination for this group Seven of the fifteen cases had no disease 
or their diagnosis was undetermined None of them had fever or any 
indication of toxemia In four cases a diagnosis of chronic cholicystitis 
had been made There was one case each of chronic appendicitis, 
psychoneurosis, gastric neurosis and pernicious anemia The patient 
with pernicious anemia was in good condition His red cell count was 
4,000 000 as he had had a transfusion recently The ages of this group 
ranged from 17 to 60 years The youngest, a girl of 17, had the highest 
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output of dye (27 mg ) A. jouug man of 21 was next with an output 
of 25 2 mg The average elimination foi two hours was 22 5 mg, 
the output ranging from 19 to 2/ mg The average elimination for the 
first hour was 13 1 mg , and for the second hour 8 9 mg The greatest 
output of d 3 '’e occuiied during the first hour in health The first appear- 


TABLE 2— OoTPUT. from 10 to 19 Mg . Seventeen Cases 
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ance time varied from five to eleven minutes with an average of 8 6 
minutes The appearance time of the maximum intensity of the 
dye varied from 8/5 to 15 minutes, with an average of 116 minutes 
The first appearance time in A'IcNeil’s senes of five normal cases was 
from t^^ elve to twenty-one minutes We believe his later appearance 
time ma} be explained by two factors (1) use of the gravity method 
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of administei mg the dye, and (2) unreliability of the aspiration method 
In certain cases when the sphincter of Oddi is not open, the aspiration 
method may give erroneous results as pointed out above in discussing the 
technic McNeil emphasizes the fact that the entrance of bile into the 
duodenum is controlled by contraction of the gallbladder, and that some 
cases of supposedly delayed excretion time might be due to failure of the 
gallbladder to contract The contraction of the gallbladder is not neces- 
sary in order to obtain the flow of bile into the duodenum Almost any 
solution poured into the duodenum will cause an opening of the sphincter 
and a pouring out of bile even m the absence of a gallbladder It is 
not necessary to obtain gallbladdei bile in this test, although we believe 
that a variable amount is usually expelled The administration of 
water by mouth, thus insuring a steady drip from the tube, is enough 
to keep the bile flowing 

Aaron et al report 17 2 minutes as the average maximum color 
appearance in sixteen normal cases, using 75 mg of dye, as compared 
to our average of 116 minutes with 150 mg of dye We feel that 
this latter amount of dye should be used when a quantitative estimation 
is to be carried out, as it is easier to work with larger amounts of dye 
in making comparisons with the standards 

Table 2 — This includes seventeen cases in which the elimination is 
from 10 to 19 mg Three of these cases have only the appearance 
time recorded They were classified here because the time of appear- 
ance of the dye was similar to the average for this group Three 
patients had definitely enlarged livers Their dye output was very 
nearly identical, averaging 11 mg (50 per cent of the normal) The 
output of dye in three diabetics averaged only 11 mg , there being but 
1 m , difference between the extreme figures (10 5, 115 mg ) Seven 
cases can be* classified as chronic infectious processes, in any one of 
which the liver might easily become involved secondarily This sub- 
group includes one case each of infectious arthritis, osteo-arthritis, 
chronic catarrhal sigmoiditis, and chronic ulcerative colitis, and one 
case of chronic cholelithiasis with obstruction and periduodenal adhe- 
sions However, there was nothing which clinically suggested hepatic 
insufficiency It is in this type of case in which the liver is clinically 
negative, that the test should be of particular value There is one 
case each of multiple sclerosis, convalescent pneumonia and carcinoma 
of the stomach in this group The average first appearance time is 
112 minutes as compared to 8 6 minutes of the normal group The 
average maximum color time is 148 minutes as compared with 116 
minutes of tlie normal group The average dye output is 12 79 mg , 
that for the noimal group is 229 mg 
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Xable 3 — This includes eight cases in which the elimination is 
from 5 to 10 ing Three cases of advanced cardiovascular disease m 
which a diagnosis of liver disease had not been made show a distinctly 
lessened d3'^e output and a slightl} delayed appearance time A definite 
diagnosis of cirrhosis of the liver had been made on another Still 
another presented active manifestations of tertiary syphilis but no 
evidence of liver disturbance One patient was convalescing from a 


TABLE 3 — Output, from 5 to 10 Mg , Eight Cases 
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severe streptococcus pneumonia, which may account for Ins low dye 
output The other two patients were suffering from chronic infectious 
conditions of the abdomen Whether these infections were severe 
enough to cause In er disturbance we could not determine The average 
first appearance time was 9 87 minutes as compared to 8 6 of the normal 
group The aierage maximum color time was 15 75 minutes as com- 
pared w ith 116 minutes in the normal group The average dye output 
was 696 mg , that for the normal group was 22 4 mg 
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Table 4 — This table includes ten cases in which the elimination is 
under 5 mg In this group we have placed patients whose clinical 
diagnoses include liver incompetency and whose dye output was less 
than 5 mg (under 25 per cent of normal) Three of them had far 
advanced cardiovascular disease, one had portal cirrhosis and another 
had a moderately congested liver In three of them the delayed appear- 


TABLE 4 — Output, Less Than S Mg, Ten Casis 
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ance time and decreased dye output was due to common duct obstruc- 
tion Naturally, one gathers no information as to the functional 
capacity of the liver m such cases In another case the lessened dye 
extraction was due, at least in part, to a grossly distorted duodenum 
from adhesions A case of tabes had a dye output of oiil) 1 6 mg in 
one hour This man had a four plus Wassermann and a questionable 
syphilitic hepatitis Thirteen and six-tenths minutes i\as the a%erage 
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first appearance time for this group as compared with 8 6 minutes m 
the normal group The average maximum appearance time was 116 
minutes in the normal group as compared to the 23 22 minutes in this 
group The average dye output was 2 71 mg as compared with 
22 4 mg 

Tabic 5 — ^This table shows at a glance the hourly excretions There 
was so much individual variation in the half hourly output, that we 
feel it IS of little clinical significance In each group, however, the 
average output for the first hour was greatly m excess of that for the 
second hour In certain individual instances in both normal and 
pathologic subjects, the second hour’s output was in excess of that 


TABLE 5 — Comparison Between First and Second Hour Outputs 

OF THE Four Groups 
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TABLE 6 —Comparison Between the Appearance Time of the Dye and the 
Quantitative Excretion of Dye in Two Hours 
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for the first hour McNeil’s observation that in diseased livers the 
greatest output of dye occurred in tlie second hour is not confirmed 
b} this investigation A great many more pathologic livers will have 
to be studied before any definite conclusion can be reached 

Tabic 6 — Here we have tabulated the average dye output and 
appearance lime for each group In a general wa>, the smaller the 
amount of die excreted, the slower it is in making its appearance At 
least, this is true for the appearance of the maximum intensity of 
color The latter appears to be of more significance than the time of the 
appearance of the first faint pink color It will be noticed that m Group 
2 the dv e is slower in making its appearance than in Group 3, whereas 
the dye output in Group 2 is twice that in Group 3 This is not true 
of the appearance time of the maximum color The maximum color 
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IS twice as long in making its appearance in Group 4 as it is in Gioup 
1, whereas the dificience is not neaily as marked in the fiist appearance 
time We have tabulated the minimum and maximum figures of 
appearance time m each group (Table 6) It will be noticed that 
the range of variation is extensive Foi this leason we believe the 
time of appearance of the dye is of less impoitance than the estimation 
of the quantitative output over the period of two hours The aveiage 
dye output in Group 4 is less than one eighth of the output m the 
normal gioup, whereas the average maximum color appeal ance time 
in Group 4 is only twice as great as the noimal figure Considerable 
variation in the appearance time obviously may depend on the personal 
equation of the observer as well as upon technical difficulties, such as 
the temporarj'- plugging of the tube with mucus For these reasons 
we believe that the quantitatu e estimation of the dye output is of more 
significance than merely recording the appearance time 

In considering the value of estimating the quantitative output of 
dye when obtained through the duodenal tube, the question arises as 
to how much comes out through the tube and what quantity passes 
on down tlirough the bowel With the patient m the recumbent posi- 
tion, either on the right side or the back (preferably the right side) 
the second or descending portion of the duodenum is the most dorsal 
part of the gut As pointed out by Knight, it constitutes a U-shaped 
trap, with the second part of the duodenum at the bottom of the U 
It is this portion of the intestine which fills rapidly but empties slowly 
Into this portion, about four inches from the pylorus, the bile empties 
The tip of the tube should be passed down to a point twenty-seven 
inches from the lips If the tube is passed to this point it will rest 
m the U-shaped trap Care should be taken to keep the tube in this 
position throughout the examination The amount of dye and bile 
obtained in normal individuals with thoroughly patent duct systems 
was found to be so nearly constant that we feel the quantitative estima- 
tion of the dye output is of decided importance 

CONCLUSIONS 

1 We have presented here a technic in detail which it is believed 
will yield information of decided value concerning the functional com- 

'(•^etency of the liver 

2 Owing to the fact that the duodenal tube is now being used 
universally, this test can be added to the armamentarium of the 
average clinic with ease 

3 When a larger number of cases are accumulated and our normal 
standards become more definite, it should be comparable to the phenol- 
sulphonephthalem kidney function test, as there seems no good reason 
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for believing that the liver reserve is any greater than that of the kidney 
when these two organs are compared as to size and their relative 
importance m the body economy 

4 In a series of fifty cases, we found that, m a general way, a 
delay in the appearance time of the dye was proportionate to a decrease 
in the output The estimation of the dye output in two hours is of 
more importance than recording the appearance time, but we believe 
both should be considered 

5 In grossly pathologic livers the appearance time of the maximum 
color was twice as long as that in normal cases (23 2 minutes as 
compared to 11 6 minutes) and the dye output averaged but one eighth 
of the output m normal cases (2 71 mg as contrasted with 22 4 mg ) 

6 We suspect that the output of dye in normal cases will vary 
with the age, the younger the subject, the greater the amount of dye 
wdnch should be covered 

7 Lastly, and most important, w'e believe that m this test we have 
a method of learning something of the functional capacity of the liver 
when It IS but slightly disturbed and when it is clinically negative to 
other methods of examination It is in this group of cases particularly 
that the estimation of the quantitative two hour output wull be of more 
assistance than that of the appearance time of the dye 



THE HEART IN DIPHTHERIA 

A CLINIC \L AND PATHOLOGIC STUDY'’ 

MATHILDE LOTH, MD 

NEW IIWLN, CONK 

Cardiac failure has long been recognized as a cause of death in 
diphtheria It is the factors which produce this death and the mecha- 
nism of the process that have caused dispute and discussion Cardiac 
failure has been attributed by the majority of observers to an injury 
to the myocardium itself oi its conducting system, but others have 
thought that the disturbance was extracardiac, that is, m the peripheral 
\asomotor system On account of the various conflicting theories, it 
maj be well to review briefly some of the opinions held respecting this 
% erj important phenomenon, before presenting our own observations 

Coghlan ^ believes that the diphtheria toxin acts directly on the 
heart muscle, resulting in certain degenerative changes, and that this is 
the cause of the circulatory failure Farr - carries this conception 
further, expressing the view that the diphtheria toxin has a peculiar 
afiinit} for heart muscle, the extrinsic and intrinsic cardiac nerves, and 
the blood vessels Fleming and Kennedy “ cite a case of complete heart 
block in Inch the necropsy show ed a definite myocarditis with inflam- 
matory foci in the conducting bundle These authors state that the 
case demonstrates that death in diphtheria, when the heart rate is slow^ 
and when signs of palatal paralysis are present, is not necessarily the 
result of inhibitory cardiac impulses 

Romberg, Passler, Bruhns and Roily believe that early death in 
diphtheria is due to paralysis of the vasomotor centers in the medulla, 
and that late death is referable to an interstitial myocarditis Con- 
cerning this point of early and late death. Holt •* says that the expla- 
nation of heart failure during or after diphtheria is not always the 
same When it occurs at the height of the disease, it is sometimes due 
to coronary thrombosis, probably always associated wuth changes in 

♦From the Department of Pathology and Bacteriologj’-, Yale University 
School of Medicine 

1 Coghlan. E F The Management of Cardiac Failure in Diphtheria, 
Brit M J 1 534, 1912 

2 Farr, C B The Significance of Arrhythmia in Infections of Childhood, 
with Special Reference to Diphtheria, Penn M J 23 633, 1920 

3 Fleming, G B , and Kennedy, AM A Case of Complete Heart Block 
m Diphtheria, with an Account of Postmortem Findings, Heart 2 77, 1910 

4 Holt, L E Diseases of Infancy and Childhood, New York, D Appleton 
& Co , 1920, pp 835-1038 
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the rnyoc3.rdiuni When it occurs late, and follows some sudden 
muscular elfort or excitement without premonitory symptoms of any 
sort, it IS probably the result of a true myocarditis He adds, “It is 
bv no means certain that cardiac paralysis is due to a lesion of the 
cardiac nerves Toxic Myocarditis appears to be a more important 
factor in producing the fatal result ” 

Experiments made by MacCallum ° on dogs, in which the influence 
of the vasomotors was almost entirely eliminated, tended to prove that 
the actual work of the diphtheria poisoned heart was fully as good as 
that of the iioimal heart MacCallum concludes that death occurring 
at the height of an attack of diphtheria is not exclusively the result of 
direct injuiy to the heait, although damage to this organ may play some 
part in the process 

Brodic,® who sought to find the cause of early death in diphtheria, 
that IS, death within forty-eight hours after the onset of the disease, 
concludes from his experiments on cats that up to a very short time 
before death both the blood vessels and the heart are apparently in a 
nearly normal condition , then there is a sudden fall in blood pressure, 
death following m from ten to fifteen minutes The fall is due to the 
relaxation of the blood vessels, the heart continuing to beat strongly 
to the end He concludes that the chief cause of death ■within forty- 
eight hours is “failure of the blood vessels, and consequent fall in 
blood pressure ” 

Price and Mackenzie ' state that “cardiac paralysis” in diphtheria 
has long been recognized as being associated, in the majority of cases, 
with extensive myocarditis Rohmer® has studied cases which show 
that diphtheiia toxin has no special affinity for the conducting system 
Tanaka ° agrees that lesions of the conducting system are certainly very 
rarely the cause of cardiac death Abramow believes that subacute 
death is due to regressive changes in the heart muscle which come about 

5 WacCslhim W G The Mechanism of the Circulatory Failure in Diph- 
theria, Am J M Sc 147 37, 1914 

6 Brodie, T G The Physiological Action of Diphtheria Toxin, Brit M J 
2 128, 1899 

/ Price, F W, and Mackenzie, I Auricular Fibrillation and Heart Block 
in Diphtheria, Heart 3 233, 1911 

8 Rohmer, P Elektrocardiographische und anatomische Untersuchungen 
liber den Diphthcrie-Herztod und dessen Beziehungen zum Reizbeitungssystem, 
Ztschr f exper Path und Thcrap 11 426, 1912 

9 Tanaka T Ueber die Verandcrungen der Herzmuskultur, vor allem des 
Atriov entnkular-bundcls bei Diphtherie, zugleich cm Beitrag zur Frage der 
Sclbstandigkeit des Bimdels, Virchows Arch f path Anat 207 llS, 1912 

10 Abrpinow, S Pathologish-anatomische Studien uber experimentelle 
Diphthene-intoxikation und Diphtheric immunitat, Ztschr f Immunitatsforsch 
u exper Tiicrap 15 12, 1912 
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from the lack of epinephiin, since under the influence of large doses of 
diphtheria toxin the supiarenal secretion fails 

From this brief resume it will be seen that there is by no means 
unanimity of opinion as to the cause of cardiac failure in diphtheria. 

Although, as this resume shows, there is great divergence of opinion 
as to the exact nature of the circulatoiy failure, there is not so much 
disagreement among clinicians and pathologists as to the clinical and 
pathological phenomena associated with the condition 

Clinically, the reported caidiac findings in cases of diphtheria have 
been fairly uniform Flexner^^ in 1895, quoted figuies of G Hoppe- 
Seyler uhich indicate that the percentage of cases in which the heart 
13 affected m the course of diphtheria vanes fiom 10 to 38 Richaid- 
son,^- in an anal} sis of one hundied deaths from diphtheiia, states that 
m fort} pel cent of the cases “myocarditis” was a complication 
Accoiding to Hitchcock’s observations, caidiac complications weie the 
cause of death in 15 per cent of deaths in a large epidemic of diphthena 
According to Oslei,^^ ii regularity of the heart is common, being present 
in 60 per cent of the cases Murmurs at the apex or base of the 
heart aie present in 94 per cent of all cases Only a relatively small 
percentage of cases of diphtheria show senous heart symptoms 

The conditions whicli are regarded as serious are rapid heart action 
with gallop rhythm, and a drop in the pulse from 110 to 30 or 40 The 
physical signs include a feeble apex beat, outside the nipple line and 
difl^use in nature, an increase of the cardiac area to the right, to the 
left, or to both sides, heart sounds which are difficult to hear, murmurs, 
usually soft, at both apex and base, and a gallop rhythm The pulse 
shows great variations , it may be full and bounding, though it is usually 
feeble, with diminished tension S Calvin Smith points out that the 
pulse abnormalities can be divided into initial tachycardia and the 
irregularities of convalescence Initial tachycardia is of serious import 
only when it persists during convalescence, and it may then be regarded 
as the probable precuisor of heart block Fifteen per cent of the 
convalescent irregularities consist of high grade heart block, which is 
stiikingly sudden m onset, death, therefiom, may be expected within 

11 Flcxncr, S Bacteriology and Pathology of Diphtheria, Am J M Sc 
109 240, 1895 

12 Richardson, D L Analysis of One Hundred Deaths from Diphtheria, 
Rhode Island M J 3 87, 1920 

13 Osier, William, and McCrae, T Principles and Practice of Medicine, 
1920, p 780 

14 Smith, S C Observations on the Pleart in Diphtheria, JAMA 
77 765 (Sept 3) 1921 
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thirty-six hours, none of the patients m the senes of 242 patients 
recovered from this condition McCulloch,^® from a study of eighty 
cases of diphtheria, concludes that in those cases m which the effect 
on the heart is so profound as to interfere with cardiac mechanism, the 
outcome is usually fatal In his study, the mortality rate was 100 per 
cent Dilatation of the heart is frequently described, and Hecht who 
confirmed his diagnosis by the use of the roentgen ray, was able to 
demonstrate dilatation in the roentgenogram in 25 per cent of cases 

However, it is through the interpretation of the electrocardiogram 
that the most definite evidence of myocardial involvement in diphtheria 
IS being found today Almost every type of arrhythmia has been 
observed Hume and Clegg have reported auricular premature beats, 
ventricular premature beats, paroxysmal tachycardia, auricular flutter, 
auricular fibrillation, heart block, nodal premature beats and reversal 
of nodal beats 

Aviragnet and Lutembacher maintain that the arrhythmia depends 
on the degree of toxic impregnation and disappears with it, but then 
emphasize the well known fact that tachycardia often persists for 
weeks and months They describe a case with complex extrasystolic 
arrhythmia with paroxysmal tachycardia and deranged conduction in 
a boy, aged 10, with ultimate recovery According to Farr, the 
arrhythmias which occur most commonly in diphtheria are sinus irregu- 
lanty, heart block, and premature contractions He adds that in chil- 
dren sinus arrhythmia has no pathological sigmficance, certainly not 
as regards the heart He also remarks that auncular fibrillation is not 
common in diphtheria, it may be temporary, though it is usually 
permanent and indicates serious myocardial weakness and exhaustion 

From the clinical point of view, the pathologic interpretation of 
these arrhythmias is a matter of especial interest Do any definite 
lesions underly these irregularities ^ Blacher says that the appearance 
of gallop rhythm and extrasystoles is not a direct index of the degree 
of anatomical damage in the myocardium, although gallop rhythm and 
myocarditis often occur together Coghland believes that the presence 
of extrasystoles, with or without consecutive intermission of the heart’s 

15 McCulloch, H Effect of Diphtheria on the Heart, T A M A 77 765 
(Sept 3) 1921 

16 Hecht, A F Der Mechanismus der Herzaktion im Kindesalter, seme 
Phjsiologie und Pathologie, Ergebnisse d mn Med u Kinderh 2 324, 413, 1913 

, Hume, M'’ E , and Clegg, S J A Clinical and Pathological Study of 
the Heart m Diphtheria, Quart J M 8 1, 1914-1915 

18 Aviragnet, E C, and Lutenbacher, R Le Coeur dans la Diphterie, 
Arch d mal du coeur 13 1. 197, 1920 

19 Blacher. W Galopprhj-thmus und extrasystolen bei der diphtherischen 
Alvokarditis, Jahrb f Kinderh 29 166 1914 
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action, IS important evidence that the heart wall is involved and that 
reduplication of the first sound followed by accentuation of the second 
IS a sign of advanced myocardial disease Aviragnet thinks that pre- 
mature conti actions may be provoked by slight myocardial lesions which 
are purely irritative Hume and Clegg state that any form of arrhythmia 
of the heart, except sinus arrhythmia, indicates in diphtheria that the 
heart or nerves are involved in a pathological process, however mild 
the illness may appear Rupe’s idea is that often lesions of the 
myocardium cause no clinical symptoms, but invariably the slightest 
lesions of the bundle produces marked clinical manifestations of con- 
duction changes 

That lesions of the conducting tissue are not regularly present in 
cases of climcally demonstrable irregularity, has been demonstrated 
by the observations of AMragnet, Lutembacher and LeSoudier,^^ and 
others Furthermoie, Lewis and Mathison have shown that heart 
block may be produced by asphyxia, and Florence Buchanan has pointed 
out that the phenomenon occuis physiologically in hibernating animals 
There is, therefore, ample evidence to show that heart block is not 
necessarily due to recognized tissue changes in the node or bundle at the 
auriculoventricular junction 

It IS seen that there is a fairly definite clinical picture of the heart 
in diphtheria The pathologic findings aie not so definite The facts 
ha\e been investigated, m general, through the study of (1) the myo- 
cardium, (2) the conducting system, and (3) the cardiac nerves 
Im estigators have described lesions in one or the other of these struc- 
tures A short summary will suffice to indicate their findings 

Aviragnet, Lutembacher and LeSoudier have found two main 
types of myocardial lesions (1) parenchymatous, and (2) interstitial 
and vascular The parenchymatous changes consist in an alteration of 
almost all the fibei s They are swollen and vacuolated , the nuclei are 
pale, deformed, karyolytic, striations have disappeared, and there is 
more or less fragmentation There are no fatty changes The inter- 
stitial changes are chiefly, edema, slight leukocytic infiltration, and a 
small number of “infectious nodules” composed of mononuclears and 
fibroblasts 

Farr, in post-mortem examinations of a few cases, found foci of 
waxy degeneration in the bundle of His, in a case of heart block In 
another case there was focal round cell infiltration of the sino-auncular 

20 Rupe, W A The Heart in Acute Infectious Diseases, Collective 

Abstract, Mod Med 2 210, 1920 ♦ 

21 Aviragnet, E C , Lutembacher, R, and LeSoudier Le Coeur dans la 
Diphttrie, Arch d mal du coeur 11 241, 1918 
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node and the bundle o£ His The vagi were normal In t\vo other 
cases the bundle was uninvolved, although there was a widespread 
myocardial degeneration In still another case there were fatty changes 
and a true myocarditis, hut no involvement of the bundle 

Fleming and Kennedy^ described the post-mortem findings in a 
case of complete heart block The heart was distinctly dilated and 
rather pale A section through the aunculoventricular node and first 
part of the auriculoventi icular bundle showed an acute inflammation 
with round cells, congested capillaiies, a few large mononuclears and 
some polymorphonucleais Similar inflammatory foci with congestion 
of the capillaries were found in the auricle bordering on the nodal 
tissues The ventricular muscle showed evidence of an interstitial 
imocaiditis Briefly, the heart was the seat of a myocarditis and the 
aunculoventricular node and first part of the aunculoventricular bundle 
V ere involved in the inflammatory process Both vagi were examined 
and found normal 

Flecht describes the anatomic clianges m the heart as consisting of 
fatty degeneration, cloudy swelling, and interstitial round cell infiltration 
Hume and Clegg stained the auricular muscle with Sudan III and 
demonstrated an excess of fat, but the amount was not comparable to 
that in the ventricular muscle Occasional small hemorrhages were 
seen The ventricular wall contained a very large quantity of fat 
which was diffused thioughout the muscle of both ventricles, nearly 
every fiber contained some droplets In some fibers it occurred as 
fine granules , in others as large round globules The smallest capillaries 
were dilated and engorged The sino-auricular node showed increased 
vascularity and actual hemorrhage, and increased infiltration with 
lvmphoc}tic cells The aunculoventricular node and bundle of His 
showed engorged and dilated capillaries 

Nuzum-= described an eosinophylous myocarditis in seven out of 
t',\fenty-nine cases of diphtheria, which was not present in many cases of 
death from \anous acute infectious diseases 

Osier described fatty degeneration in a majority of cases, point- 
ing out that it may precede the more advanced degeneration in which 
the sarcous elements become swollen and converted into hyaline masses 
In Price and McKenzie’s case of auricular fibrillation and heart 
block' in diphtheria, the heart grossly was soft and flabby, the ventricular 
chambers greatly distended The histologic findings may be summarized 
as extreme degeneration, cellular infiltration of the cardiac muscle, 
especiall} in the ventricle, and in scattered foci of unequal size dis- 

22 Nu7um, F Eosmophjlous Msocarditis m Diphtheria, J A M A 73 
1925 (Dec 20) 1919 
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tnbuted largely in the couise of the vessels These changes did not 
involve the sino-auncular node or bundle Theie was no evidence of 
change in the neive trunks and ganglion masses in the posterior walls 
of the auiicle They comment that no definite anatomical lesions have 
been found to be chaiacteiistic of auiiculai fibrillation 

Tanaka® leports that of fifteen subjects dying m cardiac syncope, 
fatty degeneration was present in fourteen Intel stitial mfiltiation 
with polynucleai and mononucleai leukocytes and eosinophils weie 
observed in six of these cases Fragmentation of the muscle fibers 
was obseiwed only once Heilbecker found similai cellulai changes 
D’Espine and Mallet described parietal thiombi m both auricular and 
\entriculai walls, as well as a paienchymatous myocarditis in a case 
of diphtheiia djung in caidiac syncope Hume says that the nearest 
approach to a lesion of the auriculoventricular node or bundle found 
at necropsy was a slight inciease in vascularity 

Councilman, Malloiy and Pearce give an excellent summary of the 
pathologic changes in the heart associated with diphtheria The follow- 
ing IS a sunimar}’- of their leport 

1 Degeneration of tlie myocardium is one of the most common conditions 
found in diphtheria 

2 The simplest form of this is fatty degeneration, which is found in the 
majority of cases This vanes in extent, at times affecting the myocardium 
generally, at times occurring in foci It may appear as fine granules at the 
junction of the transverse and longitudinal striations, or large globules involv- 
ing the greater part of the substance of the muscle cell Fatty degeneration 
accompanies and seems to precede the more advanced forms of degeneration 
which lead to the complete destruction of the muscle Sarcous elements become 
broken and change to hyaline, or large vacuoles are formed 

3 Fragmentation and fractional degeneration of the muscle are often found, 
but segmentation or separation of the cells along the lines of junction does 
not take place, or is very limited 

4 Simple fatty degeneration is found in the severe cases of short duration, 
the more extensive degeneration in more prolonged cases 

5 Degeneration may be so extensive as to account fully for the impairment 
of the heart action 

6 Acute interstitial lesions of two sorts are found 

(a) Focal collections of plasma and lymphoid cells m the tissue, accompanied 
by degeneration of the mjocardium but not dependent on it 

(&) Interstitial changes consisting of proliferation of the cells of the tissue, 
which is secondary to the degeneration of the muscle This may lead to exten- 
sive formation of connective tissue, and some of the cases of fibrous myo- 
carditis may be due to this 

7 Thrombosis is not an uncommon condition, due to primary necrosis of the 
endocardium Lesions of the vessels of the heart play but little part 


23 Councilman, W T , Mallory, F B , and Pearce, R M A Study of the 
Bacteriology and Pathology of 220 Fatal Cases of Diphtheria, J Boston Soc 
M Sc 1 137, 1901 
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Our own studies on the heart m diphtheria have consisted chiefly of 
(1) investigations of human cases coming to necropsy, and (2) observa- 
tions on the effects of diphtheria toxin on the guinea-pig heart 

The human material studied was obtained from cases occurring in 
the New Haven Hospital from 1917 to 1922, inclusive During these 
years there were approximately 425 cases of diphtheria in the hospital 
Of the total number, sixty-five patients, or 15 per cent , died Of the 
sixty-five fatalities, nineteen, or 29 per cent , came to necropsy, and it is 
from these that the data to be described were obtained The case 
histones and pathologic sections were critically studied in each case 
The diagnosis of myocarditis as a cause of death was made clinically 
in three cases out of seventeen, while endocarditis as an anatomic diag- 
nosis was made in onl}'^ two cases With one exception, the patients 
^\ ere all children, the average age being 3 6 years On this point it may 
be said that Richardson finds the greatest number of deaths under 
5 years, while Osier states that in New York, from 1891 to 1900, 80 9 
per cent of the deaths were in children under 5 years 

The average day of illness on admission of these seventeen patients 
was 5 8 days Antitoxin was given in fifteen out of the seventeen 
cases in amounts varying from 4,000 to 50,000 umts, in but a single 
case given before the day of admission The average duration of 
illness was 10 8 days It may be recalled that Osier says that heart 
symptoms aie more common in the second or third week of the disease, 
and that fatal dilatation of the heart may occur as late as the sixth 
or seventh week Farr thinks that cardiovascular symptoms in diph- 
theria occur principally at two periods (1) early, at the end of the 
fiist fortnight when the local lesions (membrane, etc ) are characteristic 
and just coincident or preceding the palsies, and (2) late, i e , in the 
midst of convalescence (third or fourth week or later) 

The physical examination of the heart in these seventeen cases 
re\ealed enlargement of the heart to percussion in four cases The 
heart sounds were reported feeble in four cases Three instances of 
arrhythmia were observed, a sinus irregularity not respiratory (in a 
patient of 42), an atypical gallop rhythm, and a typical gallop rhythm 
The gross pathologic finding showed dilatation of the right side 
of the heart in seven cases This was marked, however, in only one 
instance In sixteen of the seventeen cases a terminal bronchopneumonia 
vas found In six cases there was a fibrinous pleurisy, and in three, 
an acute cervical 1) mphadenitis 

The heart was examined histologically in all cases From one to 
fi\e sections from each left ventricle was practically the only material 
available in the first fourteen cases Very few pathologic changes 
vere found The analysis of the necropsy findings shows that (1) 
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in no case was there a definite myocarditis, that is, a true inflammatory 
lesion, (2) the pathologic findings were moie or less cloudy swelling 
and fat accumulation, and slight increase m the number of interstitial 
cells, being mostly mononuclears 

In view of the fact that there was so little abnormality found, it was 
thought advisable to study, b} way of comparison, the heait in a group 
of cases m which death occuired from some infection other than 
diphtheiia Theie were selected for this purpose three cases of cerebro- 
spinal meningitis, one case of scarlet fever, four cases of broncho- 
pneumonia and SIX cases of measles 

One section from the left ventricle of each case was the only 
material a-v ailable In three cerebrospinal meningitis cases the heart was 
practically normal In the bronchopneumonia group theie was one case 
m which there was a definite focal myocarditis wuth mononucleai and 
polymorphonuclear infiltiation, and another case showing an inci eased 
number of mononuclear cells in the cardiac septa The measles group 
show'ed only a slight increase in cellular reaction in the interstitial tissue 
of the heart In brief it w^as found that the myocardium m infections 
other than diphtheria show s a slight increase in cellular elements in the 
interstitial tissue, w'lth, how'ever, no definite acute inflammatory reaction 

For further investigation the heart w^as studied in a thud group of 
cases in which the organ w^as presumably normal All w'ere noninfec- 
tious cases These w^ere difficult to obtain because in children the great 
majority of deaths are due to infection One section of the heart from 
each of these cases w^as studied The tissue m some showed a slight 
increase in the number of interstitial cells, no instance of a definite 
inflammatory reaction w'as encounteied 

A comparison of the three groups of cases studied, diphtheiia, other 
infections, and “iioimal” heart, respectively, shows that the differences 
are quantitative rather than qualitative There is no sharp line between 
the normal and the abnormal , and no clear cut difference can be 
detected in the hearts from diphtheria cases and those from other 
types of infections In other w^oids, the pathologic study of this 
material indicates that the lesion in the myocardium in diphtheria is not 
specific 

The first fourteen cases cited above furnished material which was 
somewhat incomplete as respects both clinical and pathologic data 
Opportunity, however, was afforded to make a more intensive study 
of three additional cases which came to necropsy during the last six 
months 

One case is an excellent example of a myocardial death m diphtheria, 
diagnosed as acute myocarditis clinically and showing a striking myo- 
carditis pathologically The following is a brief summary of the case 
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REPORT OF CASE 


T G (Hospital No 3891), aged 7 years, was admitted Dec 20, 1921 


Complaint — Diphtheria 

Family History — Family living and well Mother, living and well Preg- 
nancies, four normal, no miscarriages No history of tuberculosis 

Past Hisioi y— Full term, normal delivery, breast fed, development normal, 
always had a deformed chest Acute infections pertussis, uncomplicated Had 
vomiting attacks about every four months , mother gives castor oil and attacks 
subside. 

Present Illness— Onsc.t seven days ago (Dec 14, 1921) Vomiting attack, 
mother ga\e castor oil which did not help very much Vomited next day also, 
especially after meals Two days later (December 16) the cliild complained 
of sore throat and mother noticed that night a swelling in the neck A doctor 
vas called the next day, he made a diagnosis of diphtheria and gave 10,000 
units of antitoxin Glandular swelling did not subside although the child 
improved Cultures were positive 

Physical Examiiiafwn — General Child not prostrated, face flushed, lips 
red, breathing quiet Head normal in size and shape, depression in region 
of anterior fontanel Pupils equal and react to light and accommodation, 
extra-ocular movements normal , conjunctivae of good color Nose Evidence 
of cpistaxis, no discharge Ears No discharge, drums normal Mouth 
Teeth carious and incisors notched Tongue Clear, papillae not prominent, 
red at tip, buccal mucosae clear, pharynx, red, grayish white membrane over 
both tonsils and extending up on soft palate to side of uvula Glands At 
angles of jaws glands are swollen and tender, axillaries palpable, right epi- 
trochlear ghnd very small and just palpable Chest Exraordinary appear- 
ance, left side of chest is very much deformed and thinned so that the heart 
is visible and palpable, pulsating very superficially under a thin wall, sternum 
IS elevated and forms a crest Lungs Clear Heart Apex not made out 
and borders not at all clear, visible pulsation seen at base of heart, no thrill 
palpable, loud systolic bruit heard, localized at base, rate not rapid, sounds 
of good quality and regular Abdomen Spleen not felt, liver at costal 
margin, no masses or tenderness Genitals Left testicle undescended 
Reflexes Active and equal 


Diagnosis — Diphtheria, phar\ngeal, depression of chest 

Coil) sc — By December 23, the throat was only slightly reddened Tonsils 
enlarged but exudate all gone Lvmph nodes at angle of jaw still swollen 
and tender 

December 24, heart showed gallop rhythm and was at times irregular Liver, 
tender, one and one-half finger breadths below costal margin Lungs, clear 
Later on same day child became worse Complained of pain in the abdomen 
Abdomen rigid, especially in right upper quadrant Heart weak, gallop rhythm , 
pulse feeble Face has anxious expression Night of December 24, rapid 
breathing, lips cyanotic, face pale, Iner edge at level of umbilicus Pulse 
became impalpable Heart irregular and of feeble quality Patient died sud- 
denly after raising his head from the pillow 


Clinical Diagnosis— PhzTsngihs, diphtheritic, myocarditis, acute toxic 
Temperature December 20, 998 F , December 21, 101 0 F , December 24, 
986 F 

Respiration 20 

Pulse December 20, 110, December 23, 80, December 24, 96 

4,820.000, Uite blood cells, 

14,400, December 20 , 53 000 December 24 

Unne 'dbumm, 05 gm per liter December 24 (slightest possible trace 
December 20) 
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Pathologic Findings — (Necropsy 579) Gross Body length, 154 cm, 
weight, 16 kilos, weight of heart, 120 gm 

A small milky patch is found on the anterior surface of the right ventricle 
In the right auricle is an inelastic friable blood clot attached to the musculi 
pectinati The right ventricle is dilated The left ventricular cavity is slightly 
dilated The heart muscle is homogeneous pale brown m color 

Microscopic Blocks were taken from the right auricle, interauncular 
septum, left ventricle, middle, left ventricle, apex, interventricular septum, and 
right ventricle (Paraffin sections were stained with hematoxylin and eosin, 
frozen sections were stained with Sudan III for fat ) 

Hematoxj'lm-Eosin Sections There is a striking change m the heart mus- 
cle (1) The muscle fibers appear degenerated in areas The protoplasm is 
homogeneous or is absent, mere strands of tissue being left There is actual 
necrosis of muscle fibers in which the nuclei have disappeared Many of the 
muscle bands are iMdely separated (2) There is a marked mononuclear cell 
infiltration, the cells occurring in foci Among them may be seen eosinophils 
Some of these foci include over a hundred cells and separate the muscle fibers 
widelj (3) There are some red blood cells free among the fibers (4) Strands 
of fibroblasts are seen between the muscle fibers 

The changes were most clear-cut in the left ventricle but were observed 
in all parts of the heart studied The interauncular septum show^ed m addi- 
tion several areas of hemorrhage The right auricle contained a thrombus 
The accompaniing illustration shows these changes very well 

Fat Stains Throughout the whole there is a marked fatty infiltration The 
fat is focal in distribution and these foci are scattered throughout the mj’’o- 
cardium The droplets or granules fill the cytoplasm of the muscle elements 
Each focus consists of a number of muscle fibers The left side of the heart 
is more affected than the right and the interventricular septum more than 
the outer w'alls 

Case 2 — H A (Hospital No 1787), aged 2J<2 years, entered the hospital 
Aug 18, 1921 

Complaint — “Can’t breathe" 

Faintly Histoiy — Father has cough, possibly tuberculous, father’s sister is 
m a tuberculosis sanitarium, mother, living and well Pregnancies five nor- 
mal, no miscarriages 

Past History — Full term, normal delivery, breast fed for three months 
Screams out in sleep Eyes filled with pus m morning Attacks of croup 
Has numerous earaches No historj’- of any acute infection Has had intes- 
tinal w’orms for about five months 

Picsent Illness — ^The onset was twenty-four hours before admission The 
patient awoke from an afternoon nap with difficulty in breathing He became 
steadily worse and at night became very restless, had deep labored breathing, 
voice hoarse liad fever and refused food Became worse, doctor saw him 
the next afternoon and said he had diphtheria and sent him to the hospital 
Physical Examination — General The child presented a striking picture, 

with difficult breathing, anxious expression, face flushed with pallor about 
the mouth, body surface temperature considerably raised Lymph Glands 
Palpable at angle of jaw Face Some suggestion of facial weakness on right 
Lips Slightly cyanosed Throat Pharynx considerably injected, tonsils 
slightly enlarged and injected, post-pharyngeal wall injected, over lower pole 
of right tonsil is a small, white patch of exudate Larynx Voice is hoarse 
and barely audible, cough whistling and dry Chest Well formed and sym- 
metrical, on inspiration there is a considerable retraction of the suprasternal 
notch, also of the interspaces, and the lower ribs and costal margins sink 
in at each inspiration, retraction of the xiphoid Lungs Respirations rapid 
and labored, coarse, moist rales, laryngeal m character, heard over whole 
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chest Heart Not enlarged, rate very rapid, heart sounds clear, no shocks, 
thrills or murmurs 

Diagnosis — Diphtheria, laryngeal 
Com sc — August 18 Intubation 
August 19 Breathing more difficult 

August 22 Whooping cough noted 



Acute myocarditis in a case of fatal diphtheria (Necropsy 579) A, low 
power B, high power ^ ' ' 


August 25 Larjngeal stridor 
August 27 Bronchopneumonia 
September 1 Suddenly became w'orse, pulse could 
trachcotom\ done, convulsions followed bj death 


not be counted , dyspnea ; 
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Final Diagnosis — Laryngeal dtphthena, pertussis, bronchopneumonia, 
chronic ulcerative laryngitis, ascaris lunibricoides infection Temperature, from 
108 to 98 8 F Respiration, from 24 to 88 Pulse, from 112 to 190 per minute 
Hemoglobin, 85 per cent , red blood cells, 4,950,000, white blood cells, 27,000 
Pathologic Findings — (Necropsy 540) Gross Length, 82 cm, weight, 
11 3 kilos , weight of heart, 60 gm The right auricle and ventricle are mod- 
erately dilated The auricle contains an elastic clot 

Microscopic Blocks were taken from the right auricle, interauncular sep- 
tum, left ventricle, middle, left ventricle, apex, interventricular septum, and 
right ventricle (Paraffin sections were stained with hematoxylin and eosin, 
frozen sections were stained with Sudan III for fat ) 

Hematoxylin-Eosin Sections The muscle fibers appear normal in all the 
sections studied A few of the blood vessels are congested and there are several 
small foci of mononuclear infiltration A few fibroblasts are seen here and there 
Fat Stains There is practically no fat seen in any part of the heart 
muscle \\hich was studied 

Case 3 — S W (Hospital No 2409), aged years, entered July 27, 1921 
Complaint — Difficultj in breathing 

Picscnt Illness — Onset one day before admission Difficulty in breathing 
which grew worse Had slight cough 

Physical Examination — Marked retraction of ribs with inspiratory and 
expiratorj difficulty Marked drawing in of episternal notch during inspiration 
Membrane on tonsils 

Course — Difficulty in breathing with retraction continued in spite of intuba- 
tion He became cyanotic, heart slightly irregular Tracheotomy done and 
cast of membrane 2 5 cm long and 0 5 cm in thickness was removed from the 
trachea Obstruction below the tube became so marked that m spite of surgical 
treatment, respiration ceased 

Diagnosis — Diphtheria, pharyngeal, larjmgeal and tracheal, bronchopneu- 
monia 

Temperature, from 100 to 104 F Respiration, from 40 to 60 per minute 
Pulse, 146 to 160 per minute Hemoglobin, 80 per cent , red blood cells 5,120,000 , 
white blood cells, 18,000 

Pathologic Findings (Necropsy 516) — Gross Length, 85 cm , weight of 
bod)'-, 182 kilos , weight of heart, 60 gin 

There was very little subepicardial fat The chambers of the heart showed 
slight dilatation The endocardium was a homogeneous dark red 

AIicroscopic Blocks were taken from the right auricle, interauncular sep- 
tum, left ventricle, middle, left ventricle, apex, interventricular septum, and 
right ventricle 

Hematoxylin-Eosin Sections The heart muscle fibers appear fairly normal 
throughout the sections There are mononuclear cells scattered here and there 
but there are no definite foci of these cells 

Fat Stains There is no fat present in any part of the heart studied 

Comment — It will be seen that only the first of these three cases 
represents a typical acute clinical myocarditis of diphtheria, and that 
anatomically this finding is borne out by the presence of a striking acute 
myocarditis with characteristics as described above 

The second case did not show a myocardial change either clinically or 
anatomically 

The third case did not show a myocarditis clinically, but did show 
a mild myocardial involvement pathologically 
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As the fat changes were so striking in the case of typical acute 
myocarditis, two relatively normal hearts of about the same age were 
stained for fat to study their content 

1 D DeL, aged 3 years (Hospital No 1478, Necropsy 518), died of fibro- 
sarcoma of nasopharynx The heart showed no fat in the muscle fibers 

2 E O, aged 6 jears (Hospital No 3698, Necropsy 203), died of glioma 
of brain The heart showed no fat m the muscle fibers 

In order to see if a myocarditis might be produced experimentally 
by diphtheria toxin, foui guinea-pigs were injected with the toxin The 
table shows dosage, length of life, etc 


Summary of Data of Guinea-Pig Experiments 


Guinea Pig Weight In 

First 

Initial 

Subsequent Dosage, 


Lived, 

2so 

Gm 

Date 

Dose* 

Fourth day 

Died 

Days 

1 

42 S 

7/26/21 

lee of 1 300 

lee of 1 150 

7/30/21 

6 

2 

42o 

7/26/21 

lee of 1 300 

Ice of 1 150 

8/ 1/21 

7 

3 

,00 

7/26/21 

0 5 c c of 1 300 

lee of 1 150 

8/ 2/21 

8 

4 

400 

7/20/21 

0 5 c c of 1 300 

Ice of 1 150 

8/ 6/21 

12 


* The diphthcnn to\in ires obtained from the New Yorl. City Board of Health, M L D 
equals 1/COO c c for guinea pig 


In Older to simulate the gradual progressive action of diphtheria 
toxin in the human, it was decided not to inject immediately the 
M L D , but to give less at the first injection This was done, and the 
first tivo guinea-pigs were injected intiamuscularly with 1 c c of 1 300, 
and the second tr^ o with 0 5 of 1 300, respectively As all the 
animals w^ere Imng on the fourth day, they were each injected with 
1 c c of 1 ISO toxin 

The first animal died on the fifth day, the next on the seventh, and 
the last two on the eight and tw elfth days, respectively 

The hearts in each case were studied pathologically, hematoxylin and 
eosin stains and Sudan III for fat being made They showed 

Guwca-Pig 1 Hematoxjim and Eosin Stain The muscle fibers appear 
somewhat cooked There are red cells scattered free between the muscle 
fibers usually appearing singlj Theie are a few young fibroblasts in strands 
seen betw'een the muscle fibers The heart is very vascular 

Sudan III There is a marked deposit of fat in the muscle fibers This 
IS focal in nature, appearing especially around the nuclei and involving a large 
number of muscle fibers The fat accumulation seems to be more marked in 
the inner portion of the heart wall, that is in the subendocardial zone 

Gumca-Ptg 2— Hematoxylin and Eosin Stain The muscle fibers have a 
somewhat cooked appearance There are a few foci of large mononuclear cells 
The blood ^essels of the myocardium are not so conspicuous as in Guinea-Pig 1 
Sudan III The fattj infiltration is marked There are large foci of 'fat 
throughout the heart and many fibers are iniolved In this case the fat appears 
to be nearer the outer than the inner wall of the heart 
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Cumca-Pig 3 — Hematoxylin and Eosin Stain The muscle fibers appear to 
be somewhat thinned out No mononuclear cell accumulations are seen 

Sudan III There is practically no fat seen in the muscle fibers 

Guwea-Pig 4 — Hematoxylin and Eosm Stain The heart muscle appears 
some\\hat cooked Capillaries are conspicuously congested 

Sudan III There is practically no fatty infiltration of the heart muscle 
fibers 

A study of the heaits of two healthy guinea-pigs was made to 
deteimine the chaiacter of the normal myocardium and its fat content 

Noi inal A — Hematoxylin and Eosin Stain The heart muscle fibers appear 
normal The blood vessels are numerous There are a few areas of mono- 
nuclear infiltration, especially perivascular There are also some large mono- 
nuclear cells between the muscle fibers 

Sudan III There is no fatty infiltration 

Normal B — Hematoxylin and Eosin Stain The heart muscle appears nor- 
mal The blood -vessels are numerous There are a few areas of mononuclear 
infiltration around the blood vessels and between the muscle fibers The heart 
IS essentially like that of Normal A 

Sudan III There is no fatty infiltration 

It will be seen that the fiist two guinea-pigs which received the 
larger initial dose and which died first, showed maiked fatty infiltration 
The distribution and charactei of the fat corresponds exactly to that 
found m the human heart in the first case cited, although the myo- 
cardium does not show the focal necrosis of the fibers and cellular 
infiltration so marked in that case 

These experiments, we believe, are sufficient to show that while 
diphtheria toxin does damage the heait as evidenced by a pronounced 
focal fat accumulation m the fibers, it does not, even in fatal doses 
resulting in delayed deaths, bring about a true myocaiditis In this 
respect the findings agree with those in the majority of fatal cases of 
human diphtheria 

SUMMARY 

1 Clinical evidence indicates that a large proportion of the fatalities 
in diphtheria are due to circulatory failure (Herztod) 

2 Death in these cases is piobably referable to injury to the myo- 
cardium itself or its conducting system, although experimental evidence 
(MacCallum) points to a seiious disturbance in the peiipheral vaso- 
motor system 

3 A definite inflammatory reaction (tiue myocarditis) is only 
exceptionally demonstrable at necropsy (one out of nineteen cases in the 
present series) Fat accumulation and cloudy swelling are very 
regularly seen, but are not more pronounced than m other acute infec- 
tious diseases such as scarlet fever, measles, and pneumonia In other 
words, no specific myocardial lesion has been demonstrated 
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4 The injection of lethal or sublethal doses of diphtheria toxin in 
guinea-pigs produces degenerative changes in the heart muscle similar 
to those seen in the human heart in fatal diphtheria, but such injections 
do not induce a true inflammator> reaction 


24 The following references also bear on this subject 
Abbott, A C, and Ghriskey, A A A Contribution to the Pathology of 
Experimental Diphtheria, with Special Reference to the Appearance of 
Secondary' Foci in the Internal Organs, Bull Johns Hopkins Hosp 
4 29, 1893 

Cronk, H L The Heart in Acute Febrile Diseases, Practitioner 104 102, 
1920 

Figdor, P Pericarditis in Diphtheria, Proc Roy Soc Med 8 Sect Dis 
Child , p 89, 1913 

Flexner, S , and Anderson, H P Results of Intracranial Inoculation of 
the Bacillus Diphthenae in Rabbits, Bull Johns Hopkins Hosp 9 72, 1898 
Goodpasture, E W Myocardial Necrosis in Hyperthyroidism, JAMA 
76 1545 (June 4) 1921 

Gordon, A K The Clinical Diagnosis of Diphtheria, Lancet 1 1239, 1920 
Harding, M E The Circulatory Failure of Diphtheria, London, 1920 
Nuttall, G H F, and Graham-Smith, G S The Bacteriology of Diph- 
theria, Including Sections on the History, Epidemiology, and Pathology 
of the Disease, the Mortality Caused by It, the Toxins and Antitoxins 
and the Serum Disease, Cambridge, 1913 
Park, W H The Role of Animal Experimentation in the Discoveries 
Leading to Our Present Knowledge of the Etiology, Prevention and Cure 
of Diphtheria, J A M A 58 453 (March 10) 1912 
Pettit, A Action de la toxine diphtenque sur le rat, Ann de ITnst Pasteur 
28 663, 1914 

Place, E H Diphtheria, Oxford Med 5 125, 1921 

Sperk B Em Fall von Adams-Stokeschen Syndrom nach Diphtheric, Wien 
klin Wchnschr 26 1094, 1913 

Welch, W H , and Flexner, S The Histological Changes m Experimental 
Diphtheria, Bull Johns Hopkins Hosp 2 107, 1891 
Welch, W H , and Flexner, S The Histological Lesions Produced by the 
Tox-Albumm of Diphtheria, Bull Johns Hopkins Hosp 3 20, 1892 
Wright, J H Studies in the Pathology of Diphtheria, Boston M & S J 
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THE PRODUCTION OF ATPIEROSCLEROSIS IN 
RABBITS BY FEEDING DIETS RICH 
IN MEAT 

L H NEWBURGH, MD, and SARAH CLARKSON, MS 

ANN ARBOR, MICH 

In an earliei communication Newburgh and Squier ^ lepoited the 
occuiience of atheioscleiobis in two small gioups of rabbits (eleven 
in all) that had been fed high piotein diets While the evidence at 
hand indicated that the vasculai lesions had been caused by the high 
protein diets such a conclusion \Aas not safe because it was felt that 
the expeiiments \\eie too feu to peimit a geneiahzation 

This pajiei deals with the furthei investigation of the effect of high 
protein diets on the aiteiies of rabbits, but the piesentation of the 
neu mateiial will be pieceded by a definition of the teim “atheio- 
scleiosis, ’ and hy a discussion of the woik of eailiei students of expeii- 
niental atheroscleiosis 

DCriNIlION 

The causes of human atheioscleiosis have been sought for. by 
means of animal expeiimentation, by a large numbei of investigators 
The) have attempted to injuie the vessels by the use of a great many 
different proceduies, and a vaiiety of vascular lesions have been 
reported But much of the work, and moie especially the earhei studies, 
ha\e not contributed to the understanding of the pioblem since so often 
the lesion obtained m the expeiimental animals was m no sense the 
analogue of the human disease The mvestigatoi must, by the use of 
the agent which he susj^ects of being a cause of human atheiosclerosis, 
produce m animals a picture which at least closely resembles what is 
found in the human being before he can with justification claim that 
this agent may be a cause of human atheioscleiosis 

The term atherosclerosis as used in dealing with the diseases of 
arteries occurring in human heings, is intended to designate a primaiy 
lesion of the intima, and to exclude lesions of the intima which result 
from disease of the media or vasa vasoitim The process presents itself 
to the naked eye, m its most characteristic stage, in the form of dis- 
ci ete or confluent, slightly raised, pale yellow, opaque plaques and 
streaks This eailier form of the lesion may latei be altered by soften- 
ing of the contents of the nodule and the loss by ulceration of the 
caseous material thus formed The deposition of calcium salts in 

*' From the Department of Internal Medicine, Medical School University 
of Michigan 

1 Newburgh and Squier Arch Int Med 26 38 (July) 1920 
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large amounts converts the base of the ulcer into a hard but buttle 
depression But these u ell recognized gioss appeal ances are not always 
sufficient to permit the observer to distinguish between pi unary athero- 
sclerosis and othei vascular lesions which affect the intima secondarily 
— in paiticular syphilis of the aoita, and m experimental work, the 
microscopic features should be used m reaching a decision The 
histologic picture presented by this primary disease of the intiina 
depends on the stage at which it is seen 

The initial lesion consists essentially of a necrosis or fatty degenera- 
ti\e change in the endothelium or the fibroieticular cells of the intima 
The yellow elastic fibers are separated and pushed apart by the swollen 
fatty cells With increasing injury the elastic fibers undergo a granular 
degeneration and bieak up into a granular detritus 

Following the stage of primaiy injury, a legenerative compensatory 
fibrosis occurs with the production of new elastic fibers The growth 
of new elastic fibers is often marked and usually occurs chiefly on the 
lumen side of the lesion so that the degenerated area comes to appear to 
be located nearer to the media than to the lumen 

A secondary degeneration of this sclerotic area occurs and may 
lesult in lupture of the atheromatous patch into the lumen of the vessel, 
forming the so-called atheromatous ulcei In advancing lesions theie 
is a progiessive fatty degenerative change involving not only the intima 
but extending into the interlamellar flbroreticulum of the media At 
any time calcification may be an added factor The two processes, the 
degenerative and the regenerative-compensatory, go hand m hand and 
in old progressive cases may lead to the most maiked changes of the 
\essel wall extending even to the adventitia 

When one wishes to determine whether an experimental vascular 
lesion IS atherosclerotic in type, it is always desiiable to examine the 
earliei stages of the lesion In primary disease of the intima it \wll 
be noted that this coat has undergone great thickening and that its 
increased width is chiefly due to the presence in it of large cells loaded 
with fat imbedded m a hyperplastic elastic tissue The coexistence of 
the enormous amounts of fat and the hyperplasia of the elastic tissue 
stamp the lesion in question as a true jDrimary disease of intima — an 
atherosclei osis 

LITERATURE 

Failure to use these generally accepted criteria as a basis for deter- 
mining w hether any gn en lesion could properly be considered athero- 
sclerotic has given rise to much confusion Thus Saltykow,^ in his 
re\iew of the literature published in 1908, was compelled to point out 

2 Salt\ko\\ Centralbl f Allg Path 19 321, 1908 
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that very little of the expeumental woik up to that date bore on the 
pioblem of the cause of human atheioscleiosis since the lesions obtained 
in the animals did not lesemble the human type The use of mechanical 
methods, the injury of neives, the injection of alcohol, lead and 
epmephiin did not cause vasculai disease which resembled human 
atheioscleiosis 

EpincpJuin — But the expeiiments with epinephrm, even though 
they failed to produce primaiy intimal disease, must, nevertheless, he 
gnen seiious consideiation since the injection of epmephiin causes a 
t}pe of ^asculal lesion which is fiequently seen in man and which by 
a few wiiteis is included undei the heading of atheioscleiosis Moncke- 
beig^ showed that this lesion, chaiacteiized by necrosis and calcification 
of the media, is a pathologic entity, originating in and often restiicted 
to the media, and cleail}' separable from the piimaiy intimal disease 
Monckeberg pointed out that the calcification of the media was first 
recognized by Virchow and sepaiated by him fiom “atheroma” (disease 
of the Ultima) Some wiiteis have expiessed the belief that calcifica- 
tion of the media and atherosclerosis were both responses to a common 
etiologic factor In suppoit of this belief, they point out that the 
peripheral -vessels m which calcification is most often found possess 
thick muscular walls, wheieas, the aoita and other central arteries have 
relatively little muscle m then walls They assume that these dififerences 
are sufficient to cause the reaction to an insult to take place in the media 
when the vessel is thick walled and m the intima when it is thin walled 
But Monckeberg showed that this hypothesis did not conform to the 
facts, for primary intimal changes are frequently seen m vessels of the 
muscular type , medial calcification occurs in the central arteries , often 
both lesions occur m the same arteiy He concluded that medial calci- 
fication cannot be the anatomic equivalent of the intimal disease of the 
aorta It is important to make this distinction between true athero- 
sclerosis and calcification of the media since it is only on this basis that a 
proper evaluation of the epinephrm work can be made The intravenous 
injection of epinephrm into labbits produces lesions which are identical 
with the Monckeberg type of human vascular disease Josue,^ who was 
the first to study the effect of epinephrm on the vessel wall, announced in 
1903 that he had obtained “atheroma” of the rabbit’s aorta His state- 
ment, however, was based only on the macroscopic appearance of the 
vessel Subsequently he agreed with later workers that the lesion was 
primarily medial The radical differences between the epinephrm 
changes in the rabbit’s aorta and human atherosclerosis are well sum- 


3 Manckeberg Arch f path Anat 216 408, 1914 

4 Josue cited by Saltykow " 
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manzed h} Saltyko\\. as follows “In man the disease is localized in 
the intima , in the rabbit in the media In man the lesion shows a high 
grade fatty degeneration , in the rabbit little or no fat is seen In man 
calcification occurs as the end stage of the degenerative process , m the 
lahbit It appears at the beginning of the disease” But in spite of 
these basic difterences, some expeiimentors have nevertheless maintained 
that the epmephrin lesions of rabbits were the analogue of human 
atherosclerosis, on the ground that epmephrin attacks the media in the 
rabbit’s aorta because the latter is thick walled, whereas the thinness 
of the media in the human aorta forces the lesion into the intima 
This argument is veiy similar to the one used by writeis on human 
pathology who tiied to show that medial calcification of the peripheral 
arteries is the anatomic equivalent of true atherosclerosis The unsound- 
ness of this argument was, as already noted, shown by Monckeberg 
Such reasoning becomes quite untenable m the light of two facts (1) 
widespread and advanced disease of the intima of the rabbit’s aoita, 
the counterpait grossly and microscopically of the human disease of 
the Ultima, may be produced by suitable methods Saltykow “ and 
Klotz ' ha\e produced atherosclerosis m rabbits by injection of bacteria 
Ignatowski,' Steinbiss '' and we have obtained the same type of mtimal 
disease in the rabbit by feeding abnormal diets of various sorts " Klotz ® 
has sliown that epmephrin has a selective action on muscle It causes 
netiosis of muscle whenever it comes in contact with it m sufficient 
eoncentration be it skeletal muscle, heait muscle or the smooth muscle 
ot the media 

Epinephiin then, attacks the media of the rabbit’s aorta for one 
reason onl} namel) , because the media contains muscle cells The 
supposition that epinephiin produces medial calcification m the rabbit 
because atheioscleiosis m the rabbit is by the nature of things, as is 
implied b} some writers, a primary disease of the media, is quite 
untenable since, as just jiointed out, primary mtimal disease may be 
pioduced in the rabbit by the use of pioper agents Epmephrin fads 
to produce primary mtimal lesions because ejimephrm has no affinity 
for the cells of the intima If the arteries of man are ever damaged by 
It. the lesions must occur m the media and pioduce the Monckeberg 
calcification of the media 

Bactoia Saltckow- was accordingly quite justified m his state- 
ment m 1908 that the onh method which caused, in the rabbit, vascular 

5 Sah^ko^^ Beitr z path Anat 43 147, 1908 

6 Klotz T Exper M 12 707, 1910 

7 Ignatowski \rch f path Anat 198 248, 1909 

8 Steinbiss ^rch f path Anat 212 152, 1913 

9 Klotz Brit M Jour 2 1767 1906 
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lesions that could be considered the analogue of human atherosclerosis 
Avas the injection of bacteria Gilbert and Lyons (quoted by Saltykow), 
as eaily as 1889 occasionally obtained intimal lesions following the 
intravenous injection of an organism recovered from a patient with 
endocarditis Subsequent workeis repoited a few positive results but 
more often failed to pioduce a lesion which resembled the human type 
sufficiently to justify its being called atherosclei osis Finally Klotz," 
in 1906 published experiments which showed conclusively that intimal 
lesions of the athei osclerotic type could be pioduced regularly by the 
intiaAenous injection of bacteria (typhoid bacillus and streptococcus) 
into rabbits Sa’tykow in 1908 reported the same type of intimal 
lesion following the injection of difterent strains of the staphylococcus 
These two groups of exjieriments seemed to have established beyond 
reasonable doubt the idea long held b} students of the subject, that 
atherosclerosis is often caused by infection But unsuccessful attempts of 
later workers to confinii these experiments leopened the whole discus- 
sion and led Saltjkow to lepeat his work on a more elaborate scale 
Ahnoiuial Diets — Before taking up Saltykow’s second paper, it 
IS necessary to review some of the work of a group of investigators 
A\ho had shown that abnormal diets could cause atherosclerosis, since 
Saltykow' s later experiments incorporated the ideas emanating from the 
w'ork wnth these diets Ignatow'ski ' fed rabbits varying amounts of 
meat, eggs and milk and obtained lesions of several organs, including 
the aorta He stated that "all rabbits fed animal pi otem showed aortic 
lesions of the same type They consist of confluent and single plaques, 
} ellowq round or irregtilai ” Stuckey devised experiments to dis- 
cover wdiat portion of the animal diet was responsible for the lesion 
For this purpose he fed foui senes of labbits as follow^s (1) cow’s 
milk plus egg albumin, (2) cowl’s milk plus meat juice, (3) cowl’s milk 
plus egg yolk , (4) cowl’s milk to wdnch egg albumin, egg yolk and meat 
juice w'as added Onl) the animals of the thud and fourth series that 
had received the egg yolk show'^ed w'ell marked vascular lesions These 
data led him to conclude that the egg yolk w^as lesponsible for the lesion 
and that the protein contained m the animal diets had little to do with 
the vascular disease Chalatow^ had, m the meantime, studied the 
efifect on the liver of feeding egg yolk, and had found a marked infiltra- 
tion of liver cells by fatlike substances wdiose physical characters showed 
them to be rich m cholesterol Anitschkow and Chalatow then fed 
cholesterol dissolved in hot sunflower seed oil to rabbits After a few^ 
w^eeks they saw’- an infiltration of the liver parenchyma wnth cholesterol 

10 Stuckey Centralbl f Allg Path 12 379, 1911 , 13 910, 1912 

11 Chalatow Centrallil f Allg Path 24 1, 1913 
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The same material was found in the aoita, spleen and all other organs 
examined They believed that these experiments explained the results 
noted by eailier investigators who had fed abnormal diets, and that all 
such diets had produced lesions because they contained an excess of 
cholesterol Wacker in the same year called attention to the occur- 
rence of atheroscleiosis in rabbits to whom cholesterol mixed with oats 
had been fed The animals ingested about 1 5 gm cholesterol daily 
The cholesteiol values in the blood rose slowly, and the increase 
in some instances was sti iking The report deals with eight labbits, 
fire of which were fed for more than 120 days Four of these 
showed aortic atherosclerotic lesions at the necropsy — widespread in 
three instances, but minute m one animal that had eaten the cholesterol 
160 days The rabbit that ate the cholesterol for the greatest number 
of days had the highest blood cholesterol value but a normal aorta 

Wacker himself pointed out that the lesions, m degree and extent, 
were not parallel to the amount of cholesterol fed nor to the duration 
of the experiment 

Saltykow was convinced that the cholesterol contained in the 
animal diets had caused the vascular disease and pointed out that the 
aortic lesions found in the rabbits that had been injected with staphylo- 
cocci by him and which had formed the basis of his report in 1908 
might have been in part or wholly due to the diet, since his animals 
had received a considerable amount of milk In order to decide this 
question, he injected various strains of staphylococci into a group of 
rabbits whose diet contained 100 c c of milk daily A second group of 
rabbits received no treatment other than the addition to the diet of 400 
c c of milk daily He found that milk feeding caused as great changes 
m the aorta as the combination of milk feeding and the injection of 
bacteria Furthermore, the lesions obtained m milk fed rabbits that had 
been injected with staphylococci were identical with the lesions seen in 
the animals that had received milk only These lesions were indis- 
tinguishable from those produced by cholesterol Even though milk 
contains much less cholesterol than egg yolk, Saltykow’s calculations 
showed that the total amount of cholesterol eaten by his milk fed rabbits 
was greater than the amount ingested by rabbits made atherosclerotic 
by being fed egg yolk and this led him to conclude that the chief 
etiologic factor in his experiments was the milk feeding but that the 
stajih} lococci had a contributoiy effect on the formation of the lesion 
In so doing, he assumed that often repeated small doses of cholesterol 
w ould ha\ e the same ultimate effect as few^er large doses But such 

12 Wicker Arch f Exper Path u Pharmakol 74 422, 1913 

13 Saltikow Beitr 7 path Anat 57 415, 1913-1914 
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an assumption is at vaiiance with the pharmacologic pimciple that con- 
centiation is one of the pi line factois in cletei mining the effect which 
any substance will have on cells 

In the absence of an actual expeiimental demonstration that the 
small amount of cholesterol piesent m 100 cc of milk is capable of 
causing vascular disease, one is sui prised to find that Saltykow did not 
adhere to his oiigmal contention, namely, that m the rabbits leceiving 
injections of bacteiia and 100 cc milk daily, the aortic disease was 
caused by the bacteria 

The vasculai disease found m the labbits that weie fed 400 cc 
milk daily was piesumably caused by some mgiedient m the milk But 
not necessaiily by the cholesteiol since the daily dose of it was still far 
below that contained m one egg On the othei hand, 400 cc milk 
contains appioximately 15 gm piotein, an amount greatly in excess of 
that habitually eaten by a labbit Subsequent woik has shown that 
high protein diets will cause atheioscleiosis m the labbit Hence, one 
is not required b} the data at hand to attiibute the atherosclei osis to 
the cholesterol m the milk 

The investigation of the effect of abnormal diets upon the aiteries 
was continued by Steinbiss ® He fed a diet made of dried powdered 
horse liver (fieed of fat) mixed wuth moistened bread The aorta 
of rabbits piesented small laised plaques as early as two weeks from 
the beginning of the expeiiment Micioscopic examination showed 
these lesions to be medial and identical wnth the epmephnn injury 
Even in the most advanced cases, the intima as a rule, w'as normal and 
never showed more than trifling changes, which wdien present weie not 
those of human intimal disease In some animals wduch weie fed the 
longest tune, the aorta w^as normal but the media of the peripheral 
vessels w^as extensively involved The myocardium and skeletal muscle 
show^ed the same type of lesion as the media Saltykow repeatedly 
found medial lesions of this same type m treated and in fiesh animals 
and believed that these necroses of the media were spontaneous 
Stembiss’ expeiiments wuth this diet Avere so few and relatively of 
such short duration that they, taken by themselves, are not of much 
value The paucity of data was caused by the very high moitahty of 
the animals But this difficulty was overcome by the occasional addi- 
tion of a little cariot or other green food to the hvei -bread mixture 
The mortality was thereby greatly reduced and the condition of the 
animals improved m every w^ay A gioup of rabbits kept on this 
modified diet from foui to six months showed no vascular lesions It 
IS difficult to believe that the addition of a very small amount of green 
food to the liver-bread diet would prevent the occurrence of the medial 
lesions ovei a peiiod of six months, if such lesions could, m fact, be 
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caused by the ingestion of liver without carrots for only two weeks 
Of far more importance are the data which Steinbiss obtained when 
he fed this same diet, made up of dried liver, bread and greens, to ten 
rabbits for nine months The aortas of all of these ten animals showed 
well marked atherosclerosis of the human type 

The experiments of Ignatowsky^ Saltykow and Steinbiss must he 
accepted as proof that diets containing large amounts of animal food 
will cause atherosclerosis in the rabbit Ignatowsky, who used meat, 
milk and eggs in varying combinations, attributed the occurrence of the 
rascular disease in his animals to the presence of animal protein in 
the diet This wew, however, was not accepted by Stuckey, whose 
investigations led him to conclude that the lipoids and not the protein 
must be held accountable for the vascular injury Then followed the 
work with cholesterol, which was generally accepted as a satisfactory 
demonstration that the cholesterol in the diet was the cause of the 
vascular lesions reported by Ignatowsky, Saltykow and others who had 
fed animal diets to rabbits 

But such a conclusion was not warranted by the evidence at hand 
for Ignatowsky’s diets were not only high in cholesterol but also in 
protein , and even though Stuckey, Chalatow and Anitschkow had shown 
that diets high m cholesterol would cause extensive atherosclerotic 
lesions, they had not shown that diets high in protein but poor in 
cholesterol would not cause similar vascular lesions 

Knack shortly thereafter questioned whether a simple hyper- 
cholesterinemia could cause atherosclerosis, suspecting that some other 
agent was always responsible for the primary lesion He pointed out 
that the animal diets used by Ins predecessois were not only high in 
cholesterol but were also abnormal for rabbits in other respects and 
might thus give rise to metabolic disturbances which had caused the 
primary vascular injury^ attributed to the hypercholesterinemia Such 
criticism, however, did not apply'^ to the feeding experiments of Chalatow 
and Anitschkow since they used only'^ oats, hay and greens to which 
cholesterol dissohed in hot sunflower seed oil was added Knack 
wondered wdiether products of this oil had injured the mtima 

Knack did not discuss the work of Wacker who had fed cholesterol 
and oats But he could properly have insisted that a diet restricted to 
oats IS in itself abnormal, and when long continued leads to metabolic 
disaster Here again, the piimary vascular injury could conceivably 
bar e been caused by substances derived from the abnormal nutrition 

In this connection it is well to recall that an abundance of cholesterol 
IS found in many inflammatory’^ and degenerative lesions which are 


14 Knack A.rch f path Anat 220 36, 1915 
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cleail) caused by local injunes The deposition of cholesterol in them 
takes place long aftei the primaiy injury has occuned The piesence 
of cholesterol in a lesion depends upon the nature of the lesion and 
not upon the level of the blood cholesteio’ Foi example, the intimal 
lesions caused bj' the injection of bacteria into labbits or those found 
in the aoita of human beings djing of typhoid fe^er show as much 
cholesteiol as do the intimal lesions which occur in animals fed an 
excess of cholesteiol, in spite of the fact that the blood in infections 
contains less than the noimal amount of cholesterol 

Knack attempted to answei his queiy by feeding one gioup of 
labbits an entirelj' normal diet to ivhich he added verj' laige amounts of 
cholesterol, and feeding a second group of labbits an animal diet similar 
to that used by Ignatowsk} The cholesterol was enclosed in pellets 
of moistened bread and he uas able to feed as much as 4 5 gm daily 
in this wa}'’ The second group uas fed milk, one egg and greens daily 
resulting in an intake of onl} 0 3 gm cholestei ol The milk-egg feed- 
ing, in spite of containing much less cholesterol and not being continued 
so long pioduced a well marked atheioscleiosis m every rabbit of this 
group On the other hand, most of the animals that ate the large 
amounts of pure cholesteiol showed no vascular mjuiy A few of 
them exhibited small intimal lesions He concluded that pure cholesterol 
when fed with a normal diet does not cause atherosclerosis , and that 
the niilk-egg diet did produce atherosclerosis because such a diet is 
accompanied by abnormal metabolic pioducts which cause the primary 
vascular injury 

It would appear, then, in the light of our present knowledge, that 
cholesterol plays an important part m the formation of the athero- 
sclerotic lesion, but there exists as yet no entirely satisfactoiy proof that 
simple hypercholestennemia is a pi unary cause of atherosclerosis 

Sfjain — Several authors believe that they have produced atheio- 
sclerosis by subjecting the arteries to unusual strain Klotz ® suspended 
rabbits by the hind legs daily for thiee minutes for as long as 130 
days He reported the occurrence of two types of injuiy In those 
arteries which bore the brunt of the increased pressure, the media 
showed degeneratne changes of the type produced by epinepbrin On 
the other hand, some of the smaller arteries which felt the increased 
load less showed atheromatous changes of the intima Harvey laised 
the blood pressure of rabbits by digital compression of the aorta below 
the kidneys He found changes in the aorta which were entirely 
analogous to those caused by the injection of epmephnn Stembiss ® 
tried to duplicate the findings of Klotz and of Harvey by use of their 

IS Harvey Arch f path Anat 196 303, 1909 
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technic He, however, added to the strain on the vascular system m 
both cases Twelve rabbits weie suspended by him foi five minutes 
twice dail) for 180 days, and six rabbits for five minutes twice daily 
for a whole year These animals accordingly received more than twice 
the “dose” which Klotz had given them He also compressed the aorta 
111 twelve rabbits daily foi fii e minutes for 180 days, and m six others 
for a full year The result was entiiely negative, except for two animals 
that had been treated by suspension One of these animals died early 
in the experiment and the other showed a septic endometritis Stembiss 
reached the obvious conclusion that the lesions found by Klotz and 
Harve} were caused by something other than the strain on the 
vessel wall 

Aschoft tried to repeat Klotz’ experiments but obtained entirely 
negative lesults Likewise Lubarsh, Starokadomsky, Tsobolow and 
Fahr failed to obtain vascular lesions by repeating Klotz’ technic In 
the face of all these failures one is forced to doubt, with Stembiss, 
whether expeiimental atherosclerosis has ever been caused by simple 
increased stiam on the vessel wall 

In summary, it may be said that, of all the methods tried, only 
the intiavenous injection of bacteria and the feeding of animal food 
has consistently resulted in the production of experimental athero- 
^cleroslS Animal diets are abnormal for rabbits in at least two ways 
They contain an excess over herbivorous diets of both protein and 
cholesterol A number of workers have tried to prove that the vasculai 
lesions occuinng m rabbits fed animal diets were caused by the 
cholesterol It has, however, not yet been shown that a simple hyper- 
cholestermemia can produce atherosclerosis The literature contains no 
recoid of a systematic m-vestigation of the possible effect of the protein 
in the diet on the arteries of rabbits Our experiments were accord- 
mgl)' undei taken with the intention of establishing the relationships (if 
any existed) between diets chai acterized by their high content of protein 
and atherosclerosis 

RECORD or FEEDING EXPERIMENTS 

Couipo'ntion of Diets — Diets containing two different concentrations 
of protein were fed Lean beef muscle, mechanically freed of fat and 
then dried and powdered, was the chief source of protein Oidinary 
white bread flour, mixed in equal parts with bran, supplied carbo- 
hydrate and roughage The first diet w^as made by stirring together 
1,000 gm powdered beef , 2,000 gm of the flour-bran mixture, 20 gm 
sodium chlorid , 50 gm baking pow^der and enough water to produce a 
stiff dough The latter w as then spread thickly in oiled pans and baked 
in an oven at about 180 C until a dark brown crust had formed 
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The second diet contained 500 gm powdered beef, 2,000 gm of 
the flour-bian mixtuie, 20 gm sodium chlorid and 50 gm baking 
powdei It was piepaied foi feeding m the same way as the fiist diet 

An analysis foi nitiogen by the Kjeldahl method of the powdered 
beef and of the two diets, gave the following values 

100 gm dried powdered beef = 13 0 gm nitrogen 

100 gm fii st diet = 5 8 gm nitrogen 

100 gm second diet = 4 3 gm nitrogen 

Multiplying these nitrogen figuies by 6 25 gives the following protein 
content 

Dried powdered beef = 81 2 per cent protein 

First diet = 36 2 per cent protein 

Second diet = 26 8 per cent protein 

In addition to this food, the rabbits were each allowed about 100 gm 

of gieens once a week 

The animals were obtained fiom fancieis who had taken special 
pains to laise them in clean, light, well ventilated pens During the 
feeding experiments they lived in pens which had pieviously been made 
scrupulously clean and which were kept clean thereaftei Some of the 
rabbits were housed together in small gioups Many others lived 
throughout the experiment in individual cages These cages were located 
in an unheated shed which piotected the animals from wind and ram 
but which afforded them ample sunshine and ventilation The date of 
birth of many of the labbits was known and we were thus able to 
determine whether age played a part in the causation of the vascular 
lesions 

Statistical Outcome — Twenty-four animals lived for four weeks or 
more on the diet containing 36 per cent of protein They may con- 
\enientl} be divided into three groups determined by the duration of 
the experiment In the first gioup aie ten animals that lived from 
four to eight weeks on the diet Two of these rabbits showed very 
early intimal disease Six rabbits lived on the diet from ten to sixteen 
weeks and foui of them showed early intimal disease The remaining 
eight rabbits ate the high protein mixture fiom eighteen to thirty-six 
weeks and all of them presented marked and extensive athei osclerosis 

Fifty-one animals were fed the diet containing 27 per cent protein 
These rabbits fall naturally into two groups — foity that lived less than 
twenty-six weeks, and eleven that lived from twenty-six to fifty-nine 
weeks None of the forty rabbits that lived for less than six months 
on the diet containing 27 per cent protein showed atherosclerosis of 
the aorta, whereas eight of the eleven animals that ate this diet for 
more than six months presented aortic lesions which were grossly and 
histologically typical of true atherosclerosis The vascular lesions in 
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se\en of these eight rabbits were aclvan_ed and extensive The eighth 
rabbi<- had eaten f'e diet foi just six months and its aor^a showed an 
early but widely distributed process 

On the basis of these resu’ts it is evident, first, that the animals 
which ate a diet containing 36 per cent protein showed the athero- 
sclerosis sooner than did the rabbits that leceived only 27 per cent 
piotein, and, second, that the occurrence and extent of the athero- 
sclerosis was roughly proportional to the duration of the feeding 

Dcscuptiou of Lesion — The lesion as seen by the unaided eye is 
made up of discrete and confluent, raised, opaque white streaks and 
plaques The process is alwajs most marked in the upper thoracic 
aorta and m very early cases may be limited to a few closely set tiny 
plaques restricted to the arch As the process becomes oMer and more 
marked, the individual lesions are larger and extend further down the 
aorta In advanced examples, one of which is shown in Figure 1, the 
plaques and streaks may be thickly distributed a’ong the whole aorta 



Fig 1 (Rabbit A-109) — Aorta of a rabbit fed a diet containing 27 per 
cent protein for nine months The photograph shows manj^ large irregular 
plaques and streaks The normal intima of the arch is entirely replaced by a 
broad confluent plaque 

and may also extend a few centimeters into the great vessels given oft 
b}^ the aorta In the upper aorta the fusion of the plaques often results 
in the entile disappearance of normal intima Not infrequently the 
lesion involves the aortic vahes causing them to become thick and 
stift In a few instances the mitral vahe was similarly involved 

1 he lesion when examined with the microscope is seen to be a 
pnmar} disease of the intima It begins with a necrosis oi fatty 
degeneration of the endothelial cel's (Figs 3 and 4) The initial injury 
IS \er} quickl} followed b}" great thickening of the intima due to the 
presence in it of large cells loaded wnth fat and imbedded in a hyj^er- 
pl.istic elastic tissue (Fig 5) At a somewdiat later stage, when repair 
IS being attempted tbe picture has added to it a broad band of fibrous 
elastic tissue on the lumen side of the vessel (Fig 6) Below' this is 
the area of necrosis and fatt^ degeneration wdiich by now' has invaded 



Fig 2 — Normal aorta, hematoxvhn and eosin A, narrow intima, B, broad 
muscular media , C, adventitia 



Fig 3 (Rabbit A-141) — Aorta of a rabbit fed a diet containing 36 per cent 
protein for eight weeks Hematoxylin and eosin A, intima showing the early 
stages of atherosJerosis , B, media 






Fig 4 — A high power view of the portion of the intima in Figure 3 indicated 
by the arrows The intima cells show swelling, hyaline degeneration and 
vacuolization Their nuclei are p 3 ’knotic Fat stains demonstrated that many 
of the lacuoles were filled with fat 



Fig 5 (Rabbit A-27) — Aorta , hematoxylin and eosin Atherosclerosis 
moderateh ad^anced The rabbit was fed a diet containing 27 per cent protein 
for nine months A, the great thickening of the intima brought about by the 
large ^acuolated cells and the hjperplastic elastic tissue, B, normal media, 
C, ad\entitia 




Fig 6 (Rabbit A-108) — Aorta, hematoxylin and eosin Atherosclerosis is far 
advanced The rabbit was fed a diet containing 27 per cent protein for eleven 
months A, intima showing a band of dense fibrous tissue on the lumen side of 
tlie vessel and degenerated fat containing cells below, B, the degeneration has 
progressed far into the media, C, adventitia 



Fig 7 (Rabbit A-109) — Abdominal aorta of a rabbit fed a diet containing 
27 per cent protein for nine months Hematoxylin and eosin The micro- 
photograph shows a large irregular mass of calcium deposit involving most of 
the intima in this area and dipping down into the media 
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the media to a variable extent At this stage in the process, amorphous 
masses of calcium may be found scattered irregulai-y through the 
degenerated portion of the lesion (Fig 7) When portions of the aorta 
fixed in formaldehyd are examined by means of frozen sections and 
stains for fat, a convincing demonstration of the enormous amount of 
hpoid material present in the intima is obtained (Fig 8) The hyper- 
plasia and fraying of the intimal elastic tissue so characteristic of this 
lesion IS well shown in Figure 9 which is a mici ophotograph coloied by 
an artist from the original 

The experimental production of atherosclerosis of the coronary 
arteries is of special interest because it offers another method for use 



Fig 8 (Rabbit A-27) — Aorta , frozen section , sharlach R A the black 
points and the irregular dark masses represent the hpoid subs'^ances present in 
the Ultima , B, media 


in the stud} of the etiolog} of myocaiditis The demonstration of an 
atherosclerotic ] rocess incolving a small bianch of the left coronary 
arterc is presented in Figure 10 

CONTROLS 

It has alread} been pointed out that the occurrence and extent of 
the atherosclerosis nere roughl} determined by the amount of protein 
in the diet and by the duration of the feeding Such facts strongly 
suggest that the lascular lesions were produced by the high protein 
diets , but before being certain that such is the case it is necessary to 
investigate seieral jiossible sources of error 




Fig 9 (Rabbit A-88) — Aorta, Weigert’s elastic tissue stain A, the thickened 
intiina showing the hyperplasia and fraying of the elastic tissue , B, media 



Fig 10 — Myocardium showing a small artery, fat stain A, the media, 
B, the somewhat thickened intima The area marked E E shows extensive fatty 
degeneration of the intima and involvement of the underlying media by the same 
process , C, indicates the lumen of the vessel, and D, a mass of blood cells lying 
in the lumen 
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Spontaneous AtJic) osclei osis — Until it is known how often primary 
intimal disease will be found in control rabbits, it is, at the very least, 
hazardous to attribute the atberosclei osis of the experimental animals 
to the diets A number of investigators have obtained infoimation in 
regard to this question 

Steinbiss® has examined the aoitas of more than 500 rabbits The 
group contained not only the laboratoiy animals but m addition many 
rabbits shot by hunters With the exception of two questionable cases, 
he found no spontaneous atberosclei osis 

Loeb examined 483 normal rabbits carefully without finding any 
arteiial changes 

E C Rosenow has noted the condition of the fiist portion of the 
aorta in 1,548 labbits Theie were atheromatous patches in only three 
An additional 300 rabbits has recently been subjected to necropsy by 
him Atberosclei osis of the beginning of the aorta was not found m a 
single instance 

Miles, on the other hand, found aoitic lesions m seventeen of forty- 
nine (34 6 pel cent ) supposedly noimal rabbits She adds that rabbits 
obtained from a dealer i aisiiig them for the market m laige numbers and 
m close quarters showed a higher percentage of lesions than those 
obtained from other sources The disease as described by her involved 
the media primarily and chiefly, and was identical with the epinephnn 
efl:ects Such necroses of the media have been frequently noted by 
several other investigators They should not be confused with 
atherosclerosis and give us no information in regard to the spontaneous 
occurrence of disease of the intiina in labbits 

Levin and Larkin (quoted by Steinbiss’’) report finding spon- 
taneous atheiosclerosis in 13 per cent of rabbits The material con- 
sisted of animals that had been injected with blood serum and “nontoxic 
substances ” Since the natuie of the “nontoxic substances” is not men- 
tioned, one may still question whether some of these substances were 
not after all toxic for tlie blood vessels It may also be questioned 
whether the injection of blood seium may not result in the foimation 
of substances injurious to blood vessels In any case, there is no more 
ground for using such material as a control than there would be if it 
weie presented as evidence that the substances injected by Levin and 
Larkin were injurious to the blood vessels 

We have caiefully examined the aoita m 116 rabbits obtained from 
several sources Twenty of these cinimals had been used in the labora- 
tory course in pharmacology to demonstiate the action of drugs The 
aortas of all of these rahbits were noimal Seventy-seven rabbits were 

16 Loci) Deutsch Med Wchnschr 39 1819, 1913 

17 Rosenow Personal communication 

18 Miles J A M A 49 1173 (Oct S) 1907 
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obtained from the hospital laboratory Many of them had been bled to 
death, the blood being used to make culture mediums A few of them 
had received injections of bacteria some weeks before they were killed 
A few otheis were found dead m the stock cages Of these seventy- 
seven rabbits, four that had been used for bleeding, showed abnor- 
malities of the upper aoita The remaining seventy-three rabbits 
presented normal aortas 

Effect of Labomtoiy Envuonment — Nineteen of the 116 control 
rabbits formed a special group These animals were set aside in the 
ordinar}^ laboratory pen for the purpose of answering two questions 
(1) whether the conditions prevailing in our laboratory were, when 
long continued, in themselves a cause of atherosclerosis, and (2) whether 
age was a factor in the production ot atherosclerosis These rabbits 
were given the same food as the stock animals No special precautions 
were taken to protect them from infection They were, on the contrary, 
exposed to the infections brought in by newcomers in adjoining cages 
When one of these control rabbits became infected, it was still left in 
the pen with the other controls Three of these nineteen rabbits had 
been injected with bacteria before being placed in the control pen One 
had received six intravenous injections of diphtheria bacilli , the second 
one received repeated injections of dead typhoid bacilli and the third 
one (A S3) leceived six intravenous injections of Streptococcus 
hcmolyticns This animal lived in the control pen for a year following 
the injections He underwent a progressive emaciation with a fall in 
weight from 2,250 gm to 1,380 gm during the year For many weeks 
preceding his death he suffered from very severe ‘hnange” accompanied 
by ulceration of the skin His aorta was normal, except for the presence 
111 the arch of several pale yellow wartlike papules just visible to the 
naked eye 

The rabbit that leceived the injections of diphtheria bacilli lived m 
the control pen nine months He also showed a progressive emaciation 
and severe mange His weight fell to 1,110 gm His aorta was normal 

The rabbit injected with dead typhoid bacilli died after being in the 
control pen for five months At the necropsy a caseous pneumonia of 
the upper and middle lobes of the right lung and an extensive fibrous 
pericarditis uas found His aorta Avas noimal 

Sixteen of these nineteen rabbits were placed in the control pen 
when thej’’ were about 6 months old Three of them died within six 
u eeks , three In ed from two to four months , three lived six months , 
three Ined more than six months but less than one year, four In'^ed 
more than one year , fifteen died directly or indirectly of infection 
Acute pneumonia killed a few of them Protracted “snuffles,” accom- 
panied by marked a\ asting and often complicated by bronchopneumonia, 
caused the death of many of the rabbits None of them showed 
lesions of the aorta 
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We wish to emphasize the point that these fifteen rabbits died of the 
infections to which all the animals in the laboratory were exposed 
Some of them were killed quickly but a majority of them bore their 
infection a number of months Nevertheless, no disease of the aorta 
was seen m any of them We have accordingly reached the conclusion 
that the infections which weie prevalent m our laboratory during the 
period of our experiments weie not a cause of atherosclerosis, even 
though some of these infections were chronic m type and remained 
active for months This statement may occasion some surprise since 
there are good reasons for believing that pathogenic bacteria cause 
atheiosclerosis in rabbits, but m spite of this it is a fact that the types 
of spontaneous infection from which these fifteen labbits suffered, did 
not cause vascular disease in them 

The special group of nineteen labbits used to discover whether 
conditions m the laboratoiy weie such as to be a cause of atherosclerosis 
contained only one animal whose aorta was not normal This was 
rabbit A 83, already mentioned The microscopic examination of the 
small warthke papules seen on the surface of the aorta, showed that 
they consisted of fibrous connective tissue No hyperplasia of the 
elastic lamina was visible and no fat was present in the lesion These 
are the featuies of a healed process Since this animal had received 
intravenous injections of the hemolytic streptococcus a year before his 
death, the streptococcus may have caused the aortic lesion At all events, 
this IS an adequate explanation for the lesion, which accordingly need 
not be attributed to any conditions arising after this rabbit was placed 
in the special control group 

Since eighteen of these nineteen rabbits showed no vascular disease, 
even though most of them had lived in the laboratory for many months 
m such a way as to receive no special care or protection, it is evident 
that the laboratory conditions were not such as to cause atherosclerosis 
Calcification of Media — There were four rabbits, in addition to 
A 83, among the control group of 116 (3 4 per cent ) whose aortas were 
abnormal The vascular lesions found in these animals were, without 
exception, very small in extent They consisted of one or several tiny 
papules rising above the surface of the intima in the ascending limb or 
arch of the aorta They were so small that they were often seen by the 
unaided eye only when especially sought for 

Among the treated animals, four of those that were fed the diet 
containing 27 per cent protein, and two of those that received the food 
containing 36 per cent protein — a total of six out of eighty-two (7 per 
cent ) — showed vascular lesions of this same type 

These abnormalities of the aorta were easily distinguished from 
the primary mtimal disease which occurred m the animals fed the high 
protein diets In the former, the lesions were always restricted to the 
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uppermost part of the aorta and bore no special relation to the openings 
of the small vessels The individual lesions were always small, at 
most 2 or 3 mm in diameter, whereas m the latter the lesions were 
much larger, took the form of large ii regular plaques and broad bands, 
were often widely distributed along the thoracic aorta and showed a 
striking tendency to be most marked around the openings of the small 
vessels 

On microscopic examination, it was found that these lesions were, 
without exception, situated in the media Bands of muscle cells were 
necrotic and vei} often calcified The process appeared to have a 



Fig 11 (Rabbit A-2) — Control, aorta The upper media shows calcified 
muscle cells The o\erlymg mtima is normal 


predilection for the upper media but did not extend into the intiina 
A typical example of this condition is represented by Figure 11 The 
absence of fat in this medial lesion, and its abundance m the athero- 
sclerosis of the meat-fed animals, was alone sufficient to make a sharp 
differentiation between these two processes 

On the basis of the experience of other investigators, and as a result 
of the careful stud} of our own 116 control rabbits, we have concluded 
that (1) m ail} large series an occasional supposedly normal rabbit 
ma\ be expected to show small restricted vascular lesions, (2) these 
lesions can b} means of the microscope and special strains, easily be 
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distinguished from the extensive fatty intimal disease seen in rabbits that 
have eaten the expei imental diets for some weeks , (3) long exposure to 
the conditions existing m our laboratory does not cause atherosclerosis 
Age — In the case of man, age is an important predisposing factor in 
the causation of atherosclerosis It might be argued that this also held 
true for the rabbit and that our rabbits were atherosclerotic because 
they were old An answer to this question may be obtained b}- com- 
paring the ages at death of labbits of known age in the control group 
that had lived m the laboratory for more than six months with similar 
rabbits that had eaten a high protein diet for six months or more 
Table 1 shows that the control rabbits whose aortas were normal were 
as a group oldei than the atherosclerotic rabbits, and that the three 
rabbits which had not developed atherosclerosis, even though they had 
eaten the high protein mixture for more than six months, were, on the 


TABLE 1 — Lack of Relation Between Age and Atherosclerosis 


Ate Diet Containing 27 per Cent 

Protein for Six Months 
or More 

i 

Controls That Lived in the 

1 Laboratory More Than 

Six Months 

Xinnber 

Xonnal Aorta, 

1 Number 

Atheroselerosis, 

Number 

Normal Aorta, 


Age at Death 

i 

Age at Death 


Age at Death 

A-Gl 

02 iveeLs 

A'07 

50 weelvS 

A- 1 

41 weeks 

A-78 

68 cebs 

A-27 

58 weeks 

A- 5 

42 weeks 

A-<J0 

87 i\ eebs 

A-20 

Cl weeks 

A-rt, 

46 weeks 



A-Gl 

02 weeks 

A-Sl 

58 w eeks 



A-77 

70 weeks 

A-12 

61 w eeks 





A-37 

66 weeks 





A-52 

73 w eeks 





A-71 

84 w eeks 


1 



A-84 

02 weeks 

Averages ! 

72'Hceks 


OO weeks 

i 

63 weeks 


average, older than the animals which showed the aortic disease It is 
evident that the atherosclerosis found m the meat eating rabbits was 
not caused by old age 

Infection — It has already been shown that the infections which were 
prevalent m the laboratory did not produce atherosclerosis in rabbits to 
which normal food was fed It might, however, be suspected that the 
high protein diet could produce metabolic disturbances which would 
make it possible for such laboratory infections to injure the intima; 
or that such a diet could break down the resistance (possessed by 
normal rabbits) to those bacteria m themselves capable of causing 
atherosclerosis One would expect to be able to detect the presence of 
such hypothetic metabolic disturbances by their impress on the general 
condition of the animals An opinion regarding an animahs general 
condition may be obtained by observing its coat and its conjunctivae , 
the rate at which it grows , its maximum weight Our high protein 
rabbits presented the smooth coat and bright eyes of health and m this 
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respect appeared more nearly noimal than the controls Table 2 presents 
the maximum weights attained by rabbits fed a diet containing 27 per 
cent protein and by controls, all of which had lived in the laboratory 
at least six months It will be seen that the high protein rabbits reached 
a much greater adult weight than the controls Three of the labbits 
eating the high protein mixture were killed at a time when they pre- 
sented the appearance of perfect health Two of them gave the most 


TABLE 2 — Mwimum Weight and Mode or Death of Rabbits Living in the 
Laboratory Six Months or More 


red Diet ContiininR 27 per Cent Protein 

Normal Diet 

Becnmc Atherosclerotic ] 

1 Aorta KcmninedKomal ' 

. . 1 

1 Aorta Was Normal 

Niim 1 
her ' 

Mn\i 

mum 

M eight, 
Gm 

Mode of 

Death 

Num 

her 

i 

1 

i Jlaxi 
mum 
Weight, 
t Gm 

Mode of I 
Death ! 

Num 1 
her ! 

Maxi 

mum 

Weight,' 

Gm 

Mode of 
Death 

A-77 

2 770 j 

Found dead j 

A-78 

[ 

2,750 

Lethargy, 1 
killed 

A-l 

1,670 

Found dead 

A-27 

2CC0 

Pound dead j 

A-llS 

i 

i 

2,070 

Severe 

“mange”, dj- 
ing, killed 1 

A-5 

1 

1,850 

Diarrhea, 
found dead 

A-G7 
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extensive examples of atherosclerosis in the senes They were also the 
heaviest rabbits in the series 

W'e Mere thus unable to obtain any support for the idea that 
nutritional disturbances attendant on the high protein diet had resulted 
in the in\asion or growth of bacteria But our evidence is of a negative 
sort It IS impossible to prove absolutely that bacteria had no part in 
the causation of this lesion It is, however, a fact that the bacteria 
nhich infected the control rabbits and eventually killed all but one of 
them were incapable of producing atheiosclerosis in rabbits ivhich 
recei\ ed normal food Hence, it must be true that the high protein 
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diet was the detei mining factoi in the occurrence of the atherosclerosis 
If bacteiia or then toxins had anything to do with the etiology of this 
disease, their conti ibution must have been of a secondary and relatively 
unimportant natui e 

Cholesterol — ^The possible place of cholesteiol m the etiology of 
experimental athei osclerosis has already been discussed It will be 
recalled that seveial investigatois held the view that the atherosclerosis 
which occurred m rabbits fed 'vaiious kinds of abnormal diets was in 
e^ery instance caused b}^ the cholesterol of the diet Wesselkm,^® who 
fed one egg yolk daily (cholesteiol content, 64 mg) for six months, 
Starokadomski who fed two egg yolks daily for nine weeks, and 
Salt3dvOw who fed 400 c c milk (cholesterol content, 48 mg ) for 
more than one yeai , wei e each convinced that the cholesterol in the food 
was responsible for the intimal disease These weie the smallest doses 
used b} students of this question who obtained positive results It is 
of interest to compare the cholesterol content of oui diet with these 
minima One hundred grams of dried powdered beef yielded 190 mg 
cholesterol Since the average twenty-four hour urinary nitrogen of 
rabbits on the diet containing 27 pei cent protein was 2 gm , they must 
have obtained about 12 gm protein daily from the diet Most of this 
protein was derived from the beef and it has higher cholesterol values 
than the other ingredients of the diet If all of the protein had come 
from the beef (protein 82 per cent ), each labbit would have absorbed 
about 15 gm of dried beef daily and this would have made possible a 
maximum of 28 mg cholesterol daily Hence the amount of cholesterol 
received by our rabbits was 22 per cent of the amount fed by 
Starokadomski, 44 per cent of that used by Wesselkm, and 58 per cent 
of that eaten by Saltykow’s rabbits The amount of cholesterol ingested 
by our rabbits was accoidingly much less than the smallest amounts 
said to have caused atherosclei osis 

Saltykow fed about twice the amount of cholesteiol contained m our 
diet His series consisted of six rabbits that received daily 400 c c 
milk each The animals lived fiom one to two years and two and one- 
half months Three rabbits showed extensive atherosclerosis and one 
presented no mtimal disease On the other hand, eight of our eleven 
rabbits which ate a high protein diet with its daily dose of 28 mg 
cholesterol developed widespiead atherosclerosis m from six months to 
one year Even if it weie admitted that the 48 mg cholesterol con- 
tained m Saltykow’s diet had caused advanced atherosclerosis m 50 per 
cent of the animals that ate this diet one year or more, this would not 
prove, or even strongly suggest, that the extensive mtimal disease found 

19 Wesselkm Rusky Vrach, p 1651, 1912 

20 Starokadomski Frankfurt Ztsclir f Path 3 912, 1909 

21 Saltykow Arch f path Anat 213 8, 1913 

22 We are grateful to Dr H G Waller for the cholesterol determinations 
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in 73 per cent of our rabbits that had received about half this amount 
of cholesterol daily for about half the length of time was caused by 
the cholesterol 

In answer to the criticism that the vascular disease found in the 
milk-fed rabbits was not caused by cholesterol, Saltykow pointed out 
that Wesselkm had fed a total of 11 52 gm cholesterol per rabbit m 
SIX months , Starokadomski a total of 8 064 gm in nine weeks , whereas 
his own total was from three to five times greater — about 37 gm — 
because of the duration of his experiments 

If we apply this same type of calculation to our experiments, it is 
found that the average total dose of cholesterol was 7 56 gm for the 
eleven rabbits that ate the diet containing 27 per cent protein from 
SIX months to one year , and 6 993 gm for a group of eight rabbits 
all of which developed marked atherosclerosis within six months on a 
diet containing 36 per cent protein Hence, the total dose received by 
our rabbits M'^as less than that used by Wesselkm or Starokadomski and 
much less than that fed by Saltykow 

Since both the daily and the total dose of cholesterol received by 
our rabbits was so much less than that considered by other investigators 
necessary to cause atherosclerosis, it does not seem likely that the 
cholesterol in our diets played an important role m the etiology of the 
atherosclerosis which we are reporting 

SUMMARY 

The term atherosclerosis should be applied only to primary disease 
of the intima characterized by fatty degeneration and hyperplasia of 
the elastic tissue Investigators have obtained this lesion experimentally 
by injecting bacteria and by feeding abnormal diets Many students of 
experimental alimentary atherosclerosis believe that the cholesterol con- 
tained in the abnormal diets is the sole cause of the intimal disease 
The reasons why we do not concur in this view have been discussed 
Many of the experimental diets used by earlier workers were abnormally 
high m protein, but this factor received no special study Our experi- 
ments ha^e shown that the prolonged ingestion of excessive amounts of 
protein by rabbits will result in extensive atherosclerosis of the aorta 
and se\eral other arteries Study of sources of error has demonstrated 
that the atherosclerosis found in the rabbits that ate the high protein 
diets was not spontaneous , was not the effect of laboratory environment, 
age or infection , could easity be distinguished from the spontaneous 
calcification of the media, and was not caused by the small amount of 
cholesterol in the diet 



THE PRESENCE OF AUER BODIES IN LEUKEMIC 

TISSUES ' 

MAURICE N RICHTER, MD 

NCW YORK 

Since the discovery by Auer^ in 1906, of certain rodlike bodies m 
the red blood cells in a case of acute leukemia, several additional 
articles have appeared, dealing with the character of these bodies and 
the type of cell in which they are found Inasmuch as the literature 
on the subject is still meagei, the leport of an additional case may be 
of some value The case is of special interest since it is the first, as 
far as can be ascertained, in which the Auer bodies have been demon- 
strated m microscopic sections of the various organs 

A resume of the literature reveals little that was not described in 
Auer’s report Auer noted that rod-shaped bodies were visible as 
refractive objects in the cytoplasm of from 6 to 10 per cent of the 
“large lymphocytes,” in preparations of fresh blood , that they were 
stained clearly (red) by Wright’s and Leishman’s stains, faintly by 
Ehrlich’s triacid mixture, but not by Ehrlich’s haematoxylm and eosm, 
methylene blue and eosm, Loeffler’s methylene blue, Sudan III or 
Lugol’s solution The rods were found free m the blood only in the 
vicinity of disintegrated cells, and once were seen m the cytoplasm of 
a normoblast 

Similar findings were later reported by other authors Pappen- 
heim,- Pappenheim and Hirschfeld,® Ottenberg,^ Isaac and Cobliner,® 
and Naegeli ° found Auer bodies m “large lymphocytes ” Ottenberg 
inoculated monkeys with fresh blood and with splenic pulp, but neither 
transmitted the Auer bodies noi produced leukemia Roth reported 
Auer bodies in a case of subacute miliary tuberculosis with certain 
symptoms that may be interpreted as leukemic The blood in his case, 

* From the Pathological Laboratories of Bellevue and Allied Hospitals 

1 Auer, J Some Hitherto Undescnbed Structures Found m the Large 
Lymphocytes of a Case of Acute Leukemia, Am J M Sc 131 1002, 1906 

2 Pappenheim, A Ueber eigenartige Zelleinschlusse bei Leukamie, Berl 
klin Wchnschr 45 60, 1908 

3 Pappenheim and Hirschfeld Ueber akute myeloide und lymphadenoide 
makrolymphozytare Leukamie an der Hand von zwei verschiedenen Fallen, 
Folia haematol 5 347, 1908 

4 Ottenberg, R Observations on Acute Leukemia, with Special Refer- 
ence to Auer’s Bodies, Am J M Sc 138 562, 1909 

5 Isaac and Cobliner Ueber mikrolymphozytare Typen akuter myeloischer 
Leukamien, Folia haematol 10 459, 1910 

6 Naegeli, O Blutkrankheiten und Blutdiagnostik, Ed 2, Leipzig, Veit 
u Comp , 1912, p 482 

7 Roth, O Ueber einen bemerkenswerten Blutbefund bei einem Fall von 
subakuter Miliartuberkulose, Ztschr f klin Med 78 75, 1913 
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as in the one reported herewith, contained a high percentage of “myelo- 
blasts” in which the Auer bodies were found Chosrojeff® also found 
Auer bodies in “myeloblasts,” and thinks it possible that in earlier 
cases cells reported as large lymphocytes may have been myeloblasts 
In this case Auer bodies were found in smears of the bone marrow, 
spleen and lymph nodes, but no mention is made of their presence in 
tissue sections Rosenthal “ found Auer bodies in “myelogones” and 
noted that they gave a positive oxidase reaction Thro reported red 
staining rod-shaped gianules in “myeloblasts” but gives no further 
description of their morphology and staining reactions It appears 
from his illustrations that the}'- may have been Auer bodies Naka- 
jima,^^ Yoshida,^- and Ishikawa^® also reported finding Auer bodies in 
myelogenous leukemia Ishikawa tiled numerous stains on blood 
smears, and found the bodies well stained by the Romanowsky meth- 
ods, poorly stained by Ehrlich’s tnacid or eosin stain, positively stained 
in the indophenolblue synthesis, and stained blue by pyronin They 
were vitally stainable without metachromatism by gentian violet and 
saframn They did not stain with sudan III, Loeffler’s methylene blue, 
Gram stain, Gabbett’s stain for tubercle bacilli, or the Levaditi silver 
method In tissues fixed in liquor formaldehyd, cut by the paraffin, 
celloidin and frozen section methods and stained by hematoxylin and 
eosin, Giemsa and oxidase stains, no Auer bodies were seen In 
Ishika\\^a’s cases, aerobic and anaerobic cultures of blood were nega- 
tive, and inoculation of mice, rabbits, guinea-pigs and apes gave 
negatne results Here, too, the leukemia was of the myeloblastic type 

REPORT OF CASE 

Htsioix — The patient, an Italian woman, aged 23, was admitted to the wards 
of the Fourth Medical Division, Bellevue Hospital, with the following history 

Two iveeks before admission, she experienced pain behind the sternum, sore 
throat nonproductive cough, dyspnea, headache and fever During the last 
four days these symptoms became worse, the gums became swollen and tender, 
and a s\\ elling appeared on the right side of the face and neck 

Physical E\ai)iinaiwn — On examination, the woman appeared to be acutely 
ill The mucous membranes were pale, and the skin was lemon-yellow There 
was a tendei swelling over the right side of the jaw and neck, without redness 
or fluctuation The cervical lymph nodes were enlarged and tender The throat 
was congested, the gums were sw'ollen and tender, especially on the right side, 
and there w as a cavitv in one molar tooth There were hemorrhages in both 


8 Chosrojeff, G P Mjelosis Aleukaemica Acuta Micromyeloblastica, 
Folia Inematol 20 33, 1915 

9 Rosenthal, N Studies on the Oxidase Reaction of the Cells in Nor- 
mal and Leukemic Blood, Arch Int Med 20 184 (Aug ) 1917 

10 Thro, W C Some Unusual Blood Cells in Diseases of Bone Marrow 
Origin I M Research 38 385, 1918 

11 Nakajima Quoted bj Ishikawa’'^ 

12 Yoshida Quoted bj Ishikawa” 

lo Ishikawa T Ueber den Auerkorper bei einen Falle von akuter Myelo- 
blastcnleukamie, IMitt a d Med Fakult d k Univ zu Tokyo 22 321, 1919 
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eye grounds The spleen was not palpable and the lymph nodes, with the 
exception of the cervical nodes, were not enlaiged The rest of the history 
and physical examination was unimportant 

Laboi atoi y Findings — The urine was negative No Bence-Jones body was 
found on two examinations The single blood culture made was sterile Blood 
count On admission, the red cells numbered 1,900,000, the hemoglobin, 30 
per cent The red cells lose to 4,000,000 and the hemoglobin to 65 per cent 
after transfusion, but rapidly declined again The white cells on several exam- 
inations were nearly constant, numbering between 6,000 and 8,000 Differential 
counts are given in the accompanying table 


Table of DirrcRLNTiAL Counts 
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* Tlic counts Mere iniido on sine irs st lined vith Wiight’s or Jenner Gicmsa stains, and 
arc based on counts of at least 500 cells 

t Tlicso cells vero atjpical Tlio teim “mjcloblast” is used to indicate a cell in an 
early stage of myeloid dlllcrcntintion, before definite granules can bo demonstrated with 
ordinary stains (tide infia) 

t The higliost percentage of mjcloblasts containing Auer bodies previously reported was 
bj IsbiKavn,i“ from 17 to 10 per cent Thc\ are often found in much less than 1 per cent 
of the myeloblasts 


Subsequent Coiuie — About two weeks after admission, the spleen became 
palpable and remained just below the costal margin Five weeks after admis- 
sion, a peritonsillar abscess developed and was opened The temperature oscil- 
lated between 99 and 102 F, except during a chill following transfusion, when 
it rose temporarily to 105 8 F , and during the last few days of life, when it 
remained nearly constant at 104 F The patient died at the end of her fifth 
week 111 the hospital 

NECROPSY FINDINGS 

Maeioscopic Examination — The changes found at neciopsy were not marked 
Except for an enlarged spleen and a few petechial hemorrhages in the larynx 
and ileum, the gross findings were not remarkable The spleen weighed 325 gm 
and presented, on section, numerous lymph follicles of normal size 

Miei oscopic Examination — Microscopic examination of the organs showed 
the presence of myeloblasts m the blood vessels, but no leukemic nodules or 
infiltrations Tissues were fixed in Helly’s fluid and in liquor formaldehyd, 
sectioned by the celloidin, paralfin and frozen section methods, and stained with 
hematoxylin and eosin, Dominici’s stain, azure II and eosin, Giemsa, Wright’s 
blood stain, Goodpasture’s acid polychrome-methylene blue and eosin,” Gabbett’s 
stain, Gram’s stain, and Graham’s” oxidase method 

In all of these stains except the hematoxylin and eosin stain, Gabbett’s stain 
and Gram’s stain, Auer bodies were distinctly seen m some of the myeloblasts 
The various methods were not equally satisfactoiy for their demonstration. 


14 Goodpasture, E W An Acid Polychiome-Methylene Blue Solution for 
Routine and Special Staining, J A M A 69 998 (Sept 22) 1917 

15 Graham, G S The Oxidising Ferment of the Myelocyte Series of Cells 
and Its Demonstration by an Alphanaphthol-Pyronin Method, T M Research 
35 231, 1916 
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however, as the bodies were more numerous, larger, and very much more distinct 
m the o\idase preparations (m which they reacted positively) than in any other 
(Fig 3) Goodpasture’s, Giemsa and Wright’s blood stains, following Belly’s 
fixation, were also very satisfactory In azure-eosin or Dominici preparations 
fewer Auer bodies were seen 

(a) The Bone Marrow Sections from the vertebrae and ribs contained the 
normal marrow elements, but the myeloblasts were somewhat increased in num- 
ber, some of them containing Auer bodies 

{b) The Spleen The spleen was the most interesting of the organs Its 
fundamental structure was preserved The follicles were normal in size, and 
presented two distinct zones a central portion composed of typical small and 
medium sized lymphocytes, and a peripheral portion the cells of which were 
larger, with paler nuclei and a pale lavender cytoplasm 

The splenic pulp was very cellular In the blood sinusoids were numerous 
myeloblasts, some of which had apparently attached themselves to the vessel 
walls and wandered out by ameboid movement Numerous examples of myelo- 
blasts half within and half outside of the blood vessels were visible, some of 
them containing Auer bodies 

In addition to the myeloblasts were small groups of typical plasma cells, 
with transitional stages betw'een them and lymphocytes There were also occa- 
sional eosinophilic myelocytes 

The endothelium of the sinusoids was intact, the cells of the smaller vessels 
bulging sharply into the lumen, as is normal 

The myeloblasts of the pulp were closely grouped around the follicles There 
was no admixture of follicular and pulp elements, however, the zone of con- 
tact being sharply defined This perifollicular accumulation of myeloblasts was 
best seen with the oxidase stain, the follicles themselves reacting negatively 
and the perifollicular zone positively 

The splenic pulp (and lymph node) also contained a number of globular 
bodies, varying m diameter from about 1 to 15 microns The smaller ones 
occurred in plasma cells The larger globules so distorted the cell that its 
nature could not be determined As a rule, there were groups of globules, 
with considerable variation m size within the group With Dommici’s stain, 
the globules w'ere purple, with Gram’s method they retained the dye, in the 
oxidase preparations they reacted positively and appeared as homogeneous 
structures 

(c) Lymph Node Sections of a lymph node showed that some of the fol- 
licles were relativel}' normal In others there were large numbers of plasma 
cells, a few of them containing purplish globules When the cells were filled 
with these globules, they closely resembled the “mulberry cells’’ of Weber 
The} appeared to be the same as those seen m the splenic pulp 

The other organs presented no important changes, except for the presence 
of mveloblasts in the blood vessels, some with Auer bodies 

DISCUSSION 

From the standpoint of diagnosis, an important feature of the 
blood picture is the high percentage of myeloblasts and all transitional 
stages to the ni} eloc)'te This, with the normal total white count, places 
the case clinically in the class of “aleukemic myeloblastic leukemia” oi 
“acute aleukemic ni} elosis ” 


16 Weber and Blendmger A Note on “Mulberry Cells’’ and Clusters of 
Eosinophil Spherules, Probably a Form of Russell’s “Fuchsme Bodies’’ m the 
T ^ of a Chronic Cerebral Abscess and m a Case of Multiple Myeloma, 
T Path & Bacteriol 11 59, 1906 
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Gorham has critically reviewed the reported cases of acute mye- 
logenous leukemia, and gives five essentials for diagnosis (1) An 
aleukemic or subleukemic stage (2) An acute downward course with 
death usually ensuing m one to four months (3) Characteristic blood 
picture of myeloblasts and myelocytes, with transition foims between 
the two (4) Typical gioss and histologic findings in the liver, spleen, 
bone mairow and lymph nodes (5) Specific proof of myeloid elements 
by enzyme reactions 

The present case easily satisfies four of these points There is room 
for argument, however, m that grossly and microscopically the patho- 
logic changes weie not veiy marked It must be remembeied that 
histologic changes similar to those of leukemia, but less extensive, may 
occur in acute infections 

The Myeloblasts — Since Auei bodies ha\e been described in “large 
lymphoc} tes,” “myelogones,” and “myeloblasts,” it is important in the 
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Fig 1 — Blood smear The large cell in the center is a myeloblast with an 
Auer body m its cytoplasm 


interpretation of the present case to consider in more detail the morphol- 
ogy of the cells as they appeared in the peripheial blood and in tissue 
sections 

In blood smears the cells were large, varying in diametei from 11 
to 18 microns The nucleus was large, usually occupying the greater 
part of the cell In most cases the nuclear outline was irregular, there 
being one or more indentations, or the nucleus had an irregularly lobu- 
lated appearance, corresponding to cells of the Riedei type (Fig 1) 
In preparations stained with Wright’s or Jenner-Giemsa stains, the 
nucleus contained a very fine meshed purplish network, in which there 
were no large clumps of chromatin These cells differed from lympho- 
cytes in the relative homogeniety and fine, thin skeined, almost granular 

17 Gorham, L W Acute Myelogenous Leukemia, Albany M Ann 38 
201, 1917 
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stiucture of then nuclei Seveial distinct clear areas, usually referred 
to as nucleoli, weie frequently piesent in the nucleus The cytoplasm 
was basophilic, and usually had a lighter perinuclear zone or an area of 
lighter cytoplasm at the nuclear indentation In these clear areas, and 
to a less extent throughout the cytoplasm, were varying numbers of 
azure granules, usuall> only a few Auer bodies were seen m the 
cytoplasm of some of these cells Except for the irregularity of their 
nuclei, the cells closely resembled the “lymphoidocyte” as depicted by 
Pappenheim With the oxidase stain, the azure granules and Auer 
bodies reacted positively 

In tissue sections the cells were equally characteristic The nuclei 
presented the same ii regularities in outline that were seen in the periph- 
eral blood, although cells with round or oval nuclei were also present 
The nuclei were clear, the nuclear membranes distinct, and a few 



Fig 2 — Section of splenic pulp, stained with azure Il-eosin The central 
cell contains an Auer body 

small chiomatm particles were scattered throughout One or two 
basic nucleoli, and in preparations stained with Goodpasture’s stain, a 
distinct reddish nucleolai -like stiucture were seen m most of the cells 
The cytoplasm was lavender, and sometimes contained an Auer body 
(Fig 2) These cells were easily distinguished from the lymphocytes 
by their cleai, irregular nuclei, relatively devoid of chromatic material, 
and then distinctly less basophilic cytoplasm It was equally easy to 
distinguish them from “stem cells,” which have deeply basophilic 
(azuiophilic) cytoplasm and large, clear, regular nuclei 

\\ ith the oxidase reaction, the mj eloblasts showed large numbers 
of granules, and the Auer bodies, reacting positively, were rendered 
much more distinct (Fig 3) 

Pappenheim Hematologische Bestimmungstafeln, Leipzig, Werner 
Khnkhardt, 1920 
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From the above, it is appaient that the cells were not typical of 
any one type In smears they differed from Pappenheim’s “lymphoido- 
cyte” only m the ii regularity of the nucleus, from the monocytes, in 
the fineness of the chromatin network, the presence of several distinct 
nucleoli, and a perinuclear zone of lighter cytoplasm In sections they 
differed from '‘stem cells” in the less basophilic character of their 
cytoplasm and the irregularity of the nucleus 

I believe that they were cells in the early stages of myeloid differ- 
entiation Inasmuch as definite granules could not be demonstrated 
without the oxidase leaction (pathologic letardation^), they were not 



Fig 3 — Section of splenic pulp, stained with oxidase stain Some of the 
more prominent Auer bodies are indicated by arrows 


myelocytes, and are referred to m this paper as “myeloblasts,” although 
It IS realized that they were not identical with the “myeloblasts” of 
Naegeli 

The Atiei Bodies — The Auei bodies in the present case did not 
differ from those previously repoited They were distinctly seen in 
fresh blood preparations as refractive rod-shaped bodies In smears 
stained with Wright’s stain, they appeared bright red Jenner’s stain 
did not stain them They varied in length fiom 1 to 5 2 microns, and 
in width from very fine lines to 0 75 microns The rods were not 
always of the same form, sometimes being thicker at one end than the 
other, or thicker in the middle than at either end The ends were 
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sometimes rounded, sometimes pointed, sometimes square, the two ends 
not always being alike Usually there was only one Auer body in a 
cell, occasionally two or three 

The Auer bodies were always in the cytoplasm, usually, but not 
always, tangential to the nucleus, and frequently lay in the deep nuclear 
indentation Sometimes they were over or partially over the nucleus, 
but not within it They did not he within vacuoles Occasionally a 
rod was seen m the vicinity of a disintegrated cell, and once in a 
myelocyte, but in no other instance were they free in the blood plasm 
or m any cells other than myeloblasts 

In tissue sections, the Auer bodies appeared about the same as m 
blood smears, i e , they Avere of the same form and position By the 
methods with which they weie stained, they appeared bright red The 
bodies appeared a little larger on the ai'^erage (up to 6 8 microns) in 
oxidase preparations than in the otheis The measurements in sections 
were taken on rods lying in the plane of the section, to avoid error 
With the oxidase stain, the bodies appeared of the same homogeneous 
structure as the other oxidase granules, and there seemed to be all 
giadations in size from the granules to the rods In other than oxidase 
preparations, however, the granules were not to be seen, and the 
shorter rods ivere either faintly stained or not at all 

The demonstration of Auer bodies in tissue sections has not thrown 
much light on their nature or origin It does, of course, add another 
ai gument against their being artefacts A body demonstrable in prepa- 
lations of so many different kinds — fresh blood, blood smears and 
tissue sections — and by different stains and technical methods, can 
hardly be considered as such Furthermore, they probably occur in 
onl} one type of cell (myeloblasts), only in one part of the cell (cyto- 
plasm), and possibly in only one disease (acute leukemia) — this last, 
of course, if Roth’s case and the present one may be so interpreted 
Ishikawa’s investigations Avith bacteiiologic stains and methods 
practically exclude them from the class of bacteria, and the absence of 
detailed structure, especially nuclear material, is against the possibility 
that they are parasites of some other t}'pe 

Special mitochondrial methods were not used There are important 
differences, howevei between mitochondria and Auer bodies, both 
morphological!} and in their staining reactions Most of the stains 
which are useful in demonstrating the Auer bodies contain azure, which 
IS a poor mitochondrial stain Wallin also found mitochondria 
stamable by pA ronin-methyl green, A\diich, according to Pappenheim, 
does not stain Auer bodies 


\9 One azure containing mixture (Giemsa’s stain) has recently been found 
In Cowdrj and Olitskj to stain mitochondria little, if at all (T Exper M 36 
521, 1922) 

20 Wallin I E On the Nature of Mitochondria III The Demonstration 
of khtochondrn h\ Bacteriologic Itlethods Ain J Anat 30 451 1922 
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That they are related to cell granules is suggested by the presence 
of bodies of all intermediate sizes Of these, then staining reaction 
most closely resembles granules of the methylene-azure group In 
tissue sections, however, they are demonstrable by methods that do not 
stain the azure granules 

The globular bodies in the spleen and lymph node probably do not 
belong to the same class of substances as the Auer bodies With 
Dominici’s stain, they were purple instead of red, and appeared m 
plasma or lymphoid cells instead of m myeloblasts Resembling, as they 
did, the “mulbeiry cells” of Webei, or the “fuchsin bodies” of Russell, 
it is more probable that they weie some form of hyalin (Weber and 
Blendmger,^“ Goodpastuie -®) Furthermore, as previously shown, the 
fuchsin bodies were strongly gi am-positive (Russell,-‘ McConnell and 
Lang-'^’) while the Auei bodies were not demonstiable by the Giam 
stain (Ishikawa) 

SUMMARY 

1 Auei bodies have been demonstiated in micioscopic sections of 
a case that was piobahly one of acute myelogenous leukemia 

2 The bodies are demonstiable m paraffin, celloidm and frozen sec- 
tions, and by several stains 

3 In the oxidase stain they leact positively, both in blood smears 
and in tissue sections 

4 Wright’s blood stain, Giemsa’s and Goodpasture’s acid polychrome- 
methylene blue and eosm are very satisfactory for their demonstration 
Dominici’s stain and azure Il-eosm stain them, but less distinctly 
They were not stained by hematoxylin and eosm, Gabbett’s stain, nor 
by Gram’s method 

5 Auei bodies have the same morphologic appearance in tissue 
sections that they have m blood smears 

6 The Auer bodies were found within the cytoplasm of atypical 
myeloblasts, and, in blood smears, in the immediate vicinity of disinte- 
grated cells Only once was an Auer body seen in a myelocyte 

7 The Auer bodies are not identical in staining reactions with any 
of the known normal cell granulations, nor with the hyaline bodies 
(Russell’s fuchsin bodies) which were present m the same sections 

21 Elongated granules (rod or spindle shaped) occur normally m some of 
the lower vertebrates, as birds and reptiles 

22 Azure granules were not seen in tissue sections except with the oxidase 
method, although Auer bodies were stained by other methods as well 

23 Goodpasture Crystalline Hjalin , J M Research 35 259, 1917 

24 Russell, William An Address on a Characteristic Organism of Cancer, 
Brit M J 2 1356, 1890 

25 McConnell and Lang Russell’s Fuchsin Bodies, J M Research 42 99, 
1920 



THE EFFECT OF SPLENECTOMY ON THE 
HEMOPOIETIC SYSTEM OF 
MACACUS RHESUS ■ 

E B KRUMBHAAR, M D , and J H MUSSER, Jr, MD 

PHILADELPHIA 

The diversity of the reported results of splenectomy in different 
species of animals has been a striking featme in publications on this 
subject/ and has contiibuted to a rather widely held view that com- 
paratively little IS known in regard to the functions of the spleen 
Nowhere is this fluctuation of opinions and prevalent agnosticism better 
shown than in the editorials of the Journal of the Aineucan Medical 
Association^ Recognizing that much still lemams to be learned about 
the various functions of this complex organ, and (as is usually the case 
when advances are being made in any given field) that not a few 
observations by different investigators are at variance, nevertheless it 
should be lecognized that material progress has been made, and in the 
relation of the spleen to blood formation and blood destruction, at 
leist, a number of positive facts can be accepted, as we have tried to 
show elsewhere ^ 

These facts have chiefly been elicited by studying the structuial 
and functional changes pioduced by the removal of the spleen either 
from normal oi expeiimentally altered animals, and of administering 
hemolytic agents to animals that have had their spleens removed, ligated, 
01 diverted from the circulation by a modified Eck fistula The 
temporal y anemia and leukocyte changes, the increased resistance of 
the erythrocytes to hypotonic salt solution, the lessened tendency of the 
organism to the production of hemoglobinuria and jaundice, the com- 
pensatory changes in the livei, lymph nodes and bone marrow, and the 
importance of the circulatoiy factoi in bringing about these changes, 
are all items that have previously been commented on and that need 
not be more than mentioned at this moment 

Although our findings in the dog agreed fairly closely with the 
a%ailable data on man, nevertheless, they differed in several particulars 
from the results found b)’’ other investigators m the rabbit, cat and 

* From tile John Herr Musser Department of Research Medicine of the 
Unnersitj of PennsjUania and the Laboratories of the Philadelphia Gen- 
eral Hospital 

♦The niamiscnpt and slides have been placed in the National Depository 
at the ^rmi Medical Museum, Washington, D C 

1 Pearce R M , Krumbhaar, E B , and Frarier, C H The Spleen and 
‘\ncmia, Philadelphia, J B Lippmcott Company, 1918 

rn " 4 ^577 (Nov 12) 1921 77 1823 

(Dec 3) 1921 78 1056 f A.pril 8) 1922 
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guinea-pig We, therefore, have thought it advisable to study some of 
these changes in the monkey with the idea not only of obtaining com- 
parative data in yet another species, but also that the results obtained 
from an animal more nearly related to man might give a more reliable 
basis for comparison with the study of the function of the human 
spleen 

METHODS 

The blood pictures of six monkeys (Nos 1, 2, 5, 6, 10 and 12) 
were followed over periods var3ang from six weeks to two years after 
splenectomy, with two nodectomized monkeys as control The response 
to a hemolytic agent was observed m four splenectomized monkeys 
and four controls, and the hemopoietic system of eight monkeys and 
controls studied post mortem The following items of the blood picture 
were studied hemoglobin,® erytlirocytes, leukocytes, differential counts, 
reticulated erythroc} tes, platelets and resistance of erythrocytes lO 
hypotonic salt solution On account of numerous accessory factors 
that may influence the blood picture, such as age, feeding, emotion, 
exercise, etc , especial care was taken to standardize conditions as far 
as possible by having counts made at the same time of day, at the 
same interval after feeding, by the same operator, and with the same 
instrument, and using only healthy animals of as nearly the same age 
and size as the control as could be obtained At this point it should 
be noted that size and weight are not indications of age in this species, 
as we have had very small monkeys with correspondingly “young” teeth 
remain relatively unchanged in size and weight over periods of more 
than three years Two or more preliminary counts were made over 
periods varying between a week and three months before beginning the 
experiment In spite of these precautions, variations were occasionally 
obtained so much greater than the limits of error of the methods 
employed, that they must be attributed to other unknown factors not 
controlled or to individual differences in response Unlike the domestic 
animals previously used, most of the monkeys tended to lose some 
weight under laboratory conditions, but this loss proved no greater in 
the test animals than in the normal controls, and was surprisingly 
independent of the severity of the anemia Tuberculosis did not prove 
to be a disturbing factor 

3 Hemoglobin estimations were begun with a Sahli instrument that hap- 
pened to check closely with simultaneous determination of the oxygen capacity 
of the blood Later the Newcomer method was also used, hut for the sake 
of uniformity only the Sahli figures are given Though the Newcomer glass 
was also checked with the oxygen capacity method it tended to give lower 
readings, and differences between the two methods fluctuated for reasons that 
we have been unable to ascertain 
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RESPONSE TO SPLENECTOMY 

The results of simple splenectomy we have found to be less marked 
in the monkey than m either man or dog, but of the same nature A 
moderate anemia ^ began almost immediately after operation, although 
on the first day or two a slight rise m the blood picture was noted in 
two cases While this rise is hardly beyond the limit of accuracy of 


TABLE 1 — Erythrocyte Counts After Splenectomy (in Millions) 



Monkey 

1 

Monkey 

2 

Monkey 

5 

Monkey 

6 


Monkey 

12 

Monkey 

11 

Relative spleen md bod> 







Control 

weight 

0 09% 

0 09% 

014% 

016% 

018% 

0 0S% 

Kodec 

Before spleneetomi 

6 40 

714 

6 80 

614 

560 

514 

586 

Before splenectomy 

590 


5 90 

6 03 

5 20 

4 99 

5 76 

1 daj after 

5 49 

5 89 

503 

5 88 

5 50 

5 29 

584 

3 dijs after 



4 10 

5 53 

4 43 

4 88 

5 93 

5 dajs if^er 


i 


4 91 


504 

555 

7 days after 

5 56 

612 

4 55 

4 89 

4 80 

4 75 

5 78 

9 dajs after 




4 69 

4 48 

502 

5 68 

14 daj s after 

5 17 

5 20 

5 09 


4 95 

5 39 

556 

21 d ijs after 

6 03 

582 

5 51 

5 09 


5 36 


28 dajs after 

6 10 

5 41 

5 55 

5 09 


525 


35 days ifter 

6 58 

6 55 


513 


5 52 


42 days after 

6 37 

5 94 

560 

5 40 


6 34 


2 months after 

610 

550 

6 06 

6 23 

516 

556 


3 months after 



6 89 

610 




4 months after 

6 50 

4 90 

619 

616 




12 months after 

Killed 

Killed 

6 04 

590 

6 35 

64 


15 months after 



6 40 

6 26 

6 30 

60 

600 

24 months ifter 



6 44 

602 

616 

616 

6 51 


TABLE 2 — Hemoglobin Estimations After Splenectomy 



Monkey 

1 

Monkey 

2 

i 

Monkey 

5 

Monkey 

6 

Monkey 

10 

Monkey 

12 

Monkey 

11 

Before splenectomy 

98 

102 

92 

98 

192 

97 

90 

Before splenectomy 

94 


85 

92 

98 

97 

92 

1 day after 

83 

86 

75 

88 

105 

88 

94 

3 d lys after 



71 

86 

86 

86 j 

92 

) day s after 

1 



82 

90 ' 

90 

7 days after 

91 

85 

78 

86 

94 

84 

95 

9 days ifter 




85 

■ 88 

86 

102 

14 days after 

73 

83 

85 

100 

96 

86 

21 days after 

86 

93 

90 

81 

98 


28 days after 

100 

94 

93 

85 


88 


35 days after 

102 

96 

92 


100 


42 days after 

103 

101 

103 

98 


102 


2 months after 

99 

97 

99 

100 


96 


3 months after 



97 

101 

100 


4 months after 

100 

83 

102 

96 



12 months after 

Killed 

Killed 

93 i 

86 


96 


15 months after 



103 

92 

01 

01 

92 

24 months after 



108 

92 

88 

' 92 

98 


the method, we think it is probably to be explained by some such factor 
as a greater concentration due to postoperative change m blood volume 
The greatest degree of anemia, which, however, never reached a 
point lower than four million cells pei cubic millimeter and 71 per 

4 For the blood picture of normal monkej s under our laboratory con- 
ditions see J M Research, 42 105 1921 
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cent hemoglobin, was reached in the first two weeks and the return to 
noimal was accomplished before the second month There was no sub- 
sequent noteworthy polycythemia, such as was reported in some of 
the early dogs studied No essential chfterence was noted between 
the hemoglobin and eiythroc}'te cuives As controls, two monkeys were 
used, on which laparotomies were performed, the spleens handled, 
and an abdominal lymph node removed From the example given in 
the table, it will be seen that no anemia resulted in spite of these pro- 
cedures and of frequent taking of blood samples Estimations of blood 

% 

lolume by the vital red method of Keith, Rowntree and Geraghty m 
the postsplenectoni}^ anemia of dogs show that there are actually fewer 
corpuscles in the vascular system and not merely a lessened concentra- 



Chart 1 — Leukocyte count m splenectomized monkeys Composite curve 
based on six test monkeys 

tion due to hydremia It did not prove feasible to carry out similar 
tests on the monkeys of this senes 

The resistance of the erythrocytes (which before splenectomy 
averaged complete hemolysis at 0 33 per cent sodium chlorid and begin- 
ning hemolysis at 0 45 per cent ) was increased in every splenectomized 
animal This was usually evident on the first or third day after opera- 
tion and continued during the period of observation Averages in six 
splenectomized monkeys showed that the increase was maintained during 
the period of observation and reached a maximum complete hemolysis 
at 0 26 per cent and beginning hemolysis at 0 42 per cent This striking 
increased resistance of the erythrocytes, persisting over such a long 
period, confirms our previously expressed view that it constitutes one 
of the most important results of splenectomy Its occurrence in disease 
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the nonanemic splenectomized monkey, whose erythrocytes were also 
the most resistant, showed the most marked anemia and the longest 
period of repair Although it is obvious that no conclusions can be 
drawn from such discordant results, they are recorded as instances of 
the complexity of the problem, with the suggestion that possibly the 
variations may be brought about by the two factors (loss of spleen and 
resistance of erythrocytes) operating to different degrees in different 


TABLE 3 — Response to Hemolytic Agent, 02 Gm Sodium Oleite 
Being Given Intra\enousl\ 


Resistance to Salt Solution 

1 MonLey 5 

Splenectomj , 

7 Weeks, 

' C H 0 26, 

B H 0 42 

Monkey 10 
Splenectomy, 

2 Weeks, 

C H 0 30, 

B H 0 42 

Monkey 14 
Norma), 

I OH 0 34, 

B H 046 

R B C 

Hgb 

R B C 

, Hgb 

R B 0 j 

Hgb 

Before sodium oleate 

5 5 

85 

50 

1 SO 

56 

78 

1 da 3 after 

6S 

76 

39 

1 67 

49 

72 

2 dajs after 

56 

80 

37 

59 

49 ’ 

76 

1 dais after 

58 

88 

4 4 

70 

53 

75 

0 days after 

58 

81 

45 


51 

82 

9 dais after 

60 

96 

4 6 

60 

55 

84 

11 d ijs after 

66 


50 

84 

58 

84 

14 dajs aftei 

59 

81 

44 

88 

54 

84 

16 days after 

57 

81 

4 2 

82 

54 

86 

Urea test drop 


9 

1 3 

21 

07 

6 


TABLE 4 — Response to Hemolytic Agent, 015 Gm Sodium Oleate 
Being Given Intravenously 


Resistance to Salt Solution 

Monkey 1 
Splenectomy, 

17 Weeks, 

OH 0 28 

B H 0 46 

Monkey 6 
Splenectomi, 

9 Bays, 

C H 0 34 1 
B H 0 44 ] 

Monkej 11 
Normal, 

C H 0 32, 

B H 0 44 

R B C 

, Hgb 

R B C 

Hgb 

R B 0 

Hgb 

Before sodium oltate 

65 

100 

4 V 

85 

55 

95 

1 day after 

6 34 

100 


78 i 

5 6 

90 

2 dajs after 

6 3 

88 

4 6 

74 

57 

94 

4 dais after 

48 

88 

4 2 

72 

4 9 

86 

6 dai s after 

52 

90 

4 6 

75 

4 9 

86 

9 days after 

4 8 

90 

4 9 

79 

5 3 

92 

13 dajs after 

50 

90 

0 1 

81 

5 4 

90 

1 ) dajs after 

50 

94 


89 

5 5 

95 

21 dai s after 

5 7 1 

94 

51 1 

92 1 

5 6 

94 

Grc ite't drop 

1 54 

12 

05 

1 

IS 

i 

06 

9 


subjects It IS apparent from these experiments that the toxicity of 
sodium oleate for monkeys is too great to permit sufficient latitude 
for its profitable use as a hemolytic agent 


PATHOLOGY 

Opportunit) to stud} changes in the viscera after splenectomy was 
offered m fire monke}s (Nos 1, 2, 5, 6 and 10) with three others 
as controls (Nos 4. 8 and 13) The high cost of monkeys since the 
war prer ented the others from being sacrificed for this purpose In 
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two of the five (Nos 1 and 5) biopsy specimens of bone marrow bad 
been removed, one at the same time as the spleen, the other ten weeks 
after splenectomy, and m two other cases (Nos 11 and 12) abdominal 
lymph nodes were removed as operative controls Of the five splenec- 
tomized monke 3 ^s, two monkeys (Nos 1 and 2) were killed by over- 
doses of sodium oleate five and four months, i espectively, after 
splenectomy, and the third monke}^ was sacrificed two years after 
splenectomy, having been noimal for a long period For both the oleate 
monke 3 fs death came suddenly while the injection was in progress, from 
causes that we could not establish, but certainly not from excessive 
blood destruction Except for a few er 3 ’^throcyte bearing phagocytes 



Fig 1 — Bone marrow (Monkey 1), removed at biopsy, ten weeks after 
splenectomy X 65 

in one lymph node, the post-mortem findings were those that we have 
customarily found after uncomplicated splenectomy One monkey 
(No 5), though normal during life, at the necropsy was found to 
have the bone marrow studded with lymphoid follicles, an observation 
that has been reported by one of us elsewhere ® One monkey (No 10) 
was chloroformed while in good health, twenty-seven months after 
splenectomy We shall consider these four animals together, with the 
reservations that the above facts necessitate One monkey (No 6) 
died of geneialized tuberculosis, apparently developing sometime after 
the conclusion of the experimental work, thus becoming useless for this 
study, and one monkey (No 12) still lives 


6 J M Research, 43 369, 1922 
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IS probably in the same way one of the chief beneficial factors in those 
primary blood diseases that are helped by splenectomy 

That the anemia is due to lessened blood formation is indicated by 
the absence of normoblasts and Howell-Jolly bodies in the blood smear 
and almost complete disappearance of reticulated erythrocites, which, 
however, are usually not more than 0 1 per cent in the normal monkey 
The changes m the platelet counts were inconstant and never beyond 
the wide variations that are usually found m counting these elements 



Chart 2 — Resistance of erythrocytes of splenectomized monkeys Com- 
posite curve based on estimations on six test monkeys and two controls 
Upper solid line, minimum resistance of test monkeys , dotted line, controls 
Lower solid line, maximum resistance of test monkeys, dotted line, controls 

under normal conditions At any rate, there were no signs of a ‘Tlood 
Qnsis,” such as is frequently observed after removal of the diseased 
spleen of man We have previously suggested that the anemia may 
be due to a loss with the spleen of a substance having a stimulating 
action on the erythrogenetic centers of the bone marrow, but we have 
no further evidence at present to support this view The urobilin 

5 A discussion of the various views as to the cause of this increased 
resistance will be found on page SO et seq of our book on the spleen and 
anemia ' 
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excieted in the feces, as estimated by the Wilbur and Addis method, 
was so small that it was obviously impossible for splenectomy to produce 
any changes that would be beyond the limits of error of this method, 
and we, theiefore, were without quantitative criteria of the amount 
of blood destruction 

The total leukocyte count of the monkey, which in oui series, 
aveiaged 14,200 per c mm before splenectomy was only raised a few 
thousand by the operation (to an aveiage of 19,300 per c mm ), and 
by the end of a week had fallen below the normal level This is in 
maiked contiast to the greater and more peisistent rise that occurs 
111 man and in the dog The differential count, however, showed 
constantly both a relative and absolute increase m the number of poly- 
moiphonuclears and a decrease in the number of lymphocytes, a condi- 
tion that returned approximate!) to normal m fiom two to thiee months 
In the counts made more than a year after splenectomy, the lymphocytes 
were definitely inci eased Taken with the inciease in size and number 
of lymph nodes that we have obseived in the splenectomized monkey 
post mortem this would indicate that the lymphoid role of the spleen 
IS relatively more impoitant and its erythrolytic function less important 
in the monkey than in the dog and man 

RESPONSn TO HEMOLYTIC AGENT 

As a hemolytic agent, toluylendiamine was first tiied in doses 
equivalent to those previously used successfully with dogs The insig- 
nificant amount of hemolysis produced confirms the experience of 
other investigators that different species show considerable variations 
in resistance to this drug Sodium oleate was next given to two groups 
of monkeys, each group made up of a monkey anemic after splenectomy, 
one that had recovered from his anemia and a normal control What 
proved with three monkeys to be a lethal dose (Nos 1,2 and 4, 0 2 gm 
per kilo injected intravenously over a period of fifteen minutes) m 
others only caused hemoglobinuria for a few hours, without sub- 
sequent choluria, and produced a mild anemia that lasted about two 
weeks An increase of both maximal and minimal resistance of the 
erythrocytes, amounting to from 0 4 to 0 8 per cent sodium chlorid, 
was noted in all but one monkey receiving sodium oleate As most 
of these had recently been splenectomized, however, no deductions 
can be made fiom this observation In this group, the anemic splenec- 
tomized monkey (No 10) showed the greatest loss of blood and 
longest period of repair, but the nonanemic splenectomized monkey 
(No 5) whose erythrocytes were the most resistant of the three, 
showed even less effects from the oleate than the normal control (No 
14) In the other group (receiving 015 gm per kilo of sodium oleate) 
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Bone Moiozv — In the bone marrow removed coincident with the 
spleen of the control monkeys, a pink or even splotched reddish 
appearance was found by histologic examination always to be due to 
more oi less congestion, the hemopoietic cellular content being slight, 
and never filling more than from 10 to 40 per cent of any given area 
Estimation of the amount of bone marrow hyperplasia is made very 
difficult by the great variation that occurs often in closely adjacent areas 
An attempt was made to cover this difficulty by considering the extremes 
as well as the general appearance Definite leukogenetic and erythro- 
genetic islands in Bunting’s sense weie impossible to distinguish, though 



Fig 2 — Bone marrow (Monke) 1) at necropsy, four and a half months 
after splenectomj^ X 92 

there was, at times distinct clumping of the normoblasts In the bioptic 
bone-marrow of monkey 5, the polymoiphonucleais and normoblasts 
n ere especially prominent, with the other customar}'^ bone marrow cells 
approximately in their usual proportions A small amount of hemo- 
siderin pigment was found contained within phagocj'tes m about the 
same amount as is found in normal spleens No mitosis was found 
In the bioptic bone marrow of the monkey splenectomized after ten 
weeks (No 1), the cellular areas never exceeded 20 per cent of the 
field Hemopoietic cells were found in the following proportions 
Mononuclear cells (primordial cells myeloblasts, myelocytes, histio- 
cUes f?]), 55 per cent , pohmorphonuclears, 28 per cent , normo- 
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blasts, 12 per cent , megaloblasts, 2 per cent , eosinophil myelocytes, 
1 per cent , eosmpliil leukocytes, 1 per cent , giant cells, 1 per cent , 
m other words a predominance of immature leukogenetic and possibly 
of iionhemopoietic cells 

At necropsy, the bone marrow hyperplasia of the splenectomized 
animals was found to be always present and distinctly greater than 
the controls, from 70 to 95 per cent of large areas being filled with 
hemopoietic cells For instance, in monkey 1, killed four and one-half 
months after splenectomy, the bone marrow was a deep reddish pink 
and cells occupied more than 95 per cent of many areas, in the follow- 



Fig 3 — Bone marrow (Monkey 1), oil immersion, X 600 Note a, normo- 
blasts, b, erythrocytes, d, myelocytes, e, polymorphonuclears , f, phagocjtes 
with pigment, etc 

mg proportions Mononuclear cells, 24 per cent , polymorphonuclears, 
45 per cent , normoblasts, 22 per cent , eosinophilic myeloc}4es, 2 per 
cent, eosinophilic leukocytes, 2 per cent, lymphocytes (^), 1 per 
cent , mononuclear giant cells, 1 per cent , multinuclear giant cells, 2 
per cent , megaloblasts, 1 per cent The site of the previous operation 
was filled in with new bone, the cavity being filled with orange colored 
gelatinous material and loose bone spicules The marrow of monkey 2, 
killed four months after splenectomy, showed a somewhat larger per- 
centage of polymorphonuclears, and greater variations in the cellular 
content of dififerent areas In the other two monkeys (Nos 5 and 10) 
the hyperplasia was not so marked, being about 80 and 70 per cent in 
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most fields, but in a few areas reaching as low as 40 and 10 per cent , 
respectively This decrease was apparently chiefly due to a lesser 
number of pol} morphonuclears In the control bone marrows the 
cellular areas occupied from 10 to 40 per cent of the whole, with a 
larger number of immature forms For instance, the bone marrow of 
monkey 8 (cause of death undetermined), though deeply congested like 
the other organs, microscopically was from 10 to 40 per cent cellular, 
in these proportions mononuclear cells, 66 per cent , polymorpho- 
nuclears, 10 per cent, normoblasts, 20 per cent, eosinophil myelocytes, 
1 per cent , eosinophil leukocytes, 1 per cent , giant cells, 2 per cent 
Mitosis was only found a few tunes in the marrow of one of the 



Fig 4 — Lymph node (Monkey 1), at necropsy, four and a half months 
after splenectomy X 276 Note the sinuses moderately filled with phago- 
cytes, many of which contain hemosiderin pigment 

splenectomized animals Hemosiderin pigment — both intracellular and 
extracellular uas found somewhat more commonly than in the controls 
These results confiim the findings of Pearce and Pepper,^ with the 
diflerence that m these long time splenectomies there was no exception 
to the development of cellular hyperplasia Leukogenesis and erythro- 
genesis may both be said to have been active, though to different degrees 
in the different animals On the whole, myelocytes and undifferentiated 
mononuclear forms were relatnely more frequent m the controls than 
m the splenectomized animals It should be borne in mind, also, that 

7 Pearce R M, and Pepper, O H P The Changes m the Bone Mar- 
row After Spleiiectom}, J E\per M 20 19, 1914 
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there is no definite criterion for some of the hemopoietic cells and many 
in the hyperplastic areas may have been concerned, not with hemo- 
poiesis, but with the utilization of iron or other activities, taken over in 
the absence of the spleen 

Lymph Nodes and Kupfper CelU of Livei — The mesenteric, gastro- 
hepatic and prevertebral lymph nodes of five splenectomized and four 
control monkeys were studied at necropsy, and in three cases nodes 
obtained at biopsy were also available In two cases, nodes from all 
parts of the body were examined, without obtaining any additional 
information, in one case tuberculosis and m two cases camphoiated oil 
lesions masked the picture In all the splenectomized monkeys the 
visceral lymph nodes seemed abnormally prominent , and on microscopic 



Fig 5 — Bone marrow (Monkey 2), animal killed four months after 
splenectomy X 69 

examination the large mononuclear cells of the sinuses (endothelial 
leukocytes, macrophages, etc ) were distinctly increased over the normal, 
although the amount of pigment contained in them was no greater 
than was sometimes found in presumably normal nodes of the controls 
(No 4) Neither was any phagocytosis of erythrocytes observed, nor 
would such be expected in the absence of any acute, severe hemolytic 
process In spite of the most careful search, no hemolymph nodes could 
be found In a few cases, nodes were found that were dark red at one 
end, but this was always found on microscopic examination to be due 
to congested vessels within the follicles or sinuses, and at most only a 
few scattered erythrocytes were free in the lymph sinuses In the 
two monkeys (Nos 1 and 2) that died during the administration 
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of sodium oleate, the macrophages were markedly increased, and a 
considerable number contained hemosiderin pigment or showed a 
cytoplasm of a peculiar coppery appearance, but never contained erythro- 
cytes, so that the causative action of the oleate is problematical 

The stellate endothelial cells (Kupffer cells) of the liver likewise 
seemed to be more numerous and prominent in the splenectomized 
monkeys than in the controls They contained more or less hemosiderin 
pigment (as did one of the controls. No 4) , but m no case was this 
extreme or were erythrocytes found within the phagocytes In one 
monkey (No 10) hemosiderin, and probably hemofuscin, were also 
found scattered as fine granules through the liver cells A similar 
picture has been reported in hypertrans fused rabbits ® Examination 
of other organs revealed nothing pertinent to this study 



Fjg" 6 Bone niarro^\ (Monkey 10), animal killed two years after splen- 
ectomj X 69 Note the very marked cellular hyperplasia 

These findings, both in Ijmph nodes and in the Kupfifer cells, are m 
accord with Pearce and Austin’s previous studies ® on dogs and confirm 
their suggestion that in splenectomized animals these organs, together 
ii'itli the bone marrow, take over, or at least develop to a greater extent, 
the part played b} the spleen in the disposition of effete erythrocytes 
and there disintegration products 

8 Krumbhaar, E B , and Chanutin, A Studies in Artificial Plethora, 
J Exner M 35 847 1922 

^ Pearce, R , and Austin, J H Changes in the Endothelial Cells 
of the Ljmph Nodes and Li\er of Splenectomized Animals Receiving Hemo- 
htic Serum, J E\per M 16 780, 1912 
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DISCUSSION 

It IS obvious that while the results of removing the monkey’s spleen 
are less marked than m the case of dog or man, they tend in the same 
direction, as opposed to the negative findings in rabbit and guinea-pig 
In searching for possible explanation of these differences, the relation 
of the weight of the spleen to the body weight was compared in the 
different species In twenty-three normal dogs, we have found that 
the spleen averaged 0 25 pei cent of the body weight, and in seven 
normal monkeys the spleen averaged 0 13 per cent , with variations 
between 0 09 and 0 18 per cent Figures given by Welcker and 
Brandt for the other species are man, 0 25 pei cent , guinea-pig, 
0 13 per cent , labbit, 0 05 pei cent It would, therefore, be logical to 
expect that splenectomy would produce less results in the species with 
the relatively smaller spleens, especially as it is believed that the spleen 
is only one of several elements m the hemopoietic system, and that 
other elements may acquiie the ability to compensate foi its absence 
In our monkeys, the most marked change occurred in those that had 
had relatively larger spleens, though it must also be recognized that 
the initial resistance of the erythrocytes was also a factor This hypo- 
thesis IS further supported by Wolferth’s observations that the same 
changes occur in the albino rat after splenectomy that we found in 
dogs and that in eight rats with abnormally large spleens the changes 
were even more marked and proved fatal in seven 

RESULTS 

1 In the Macflcus Rhesus, splenectomy produces an anemia that is 
much less marked than in the case of dog or man The resistance of 
the erythrocytes is increased throughout the period of observation 

2 The number of reticulated erythrocytes is diminished and no 
signs of a “blood crisis” are to be found 

3 The total leukocyte count is only slightly increased during the 
first week, but an absolute and relative increase of polymorphonuclears 
and decrease of small lymphocytes persists for a longer period 

4 The Macaciis Rhesus is resistant to toluylenediamme hemolysis 
Sodium oleate causes an anemia that may be more severe and last 
longer in the splenectomized animal, but greater resistance of the 
erythrocytes may apparently outweigh the loss of the spleen 

5 The bone marrow is very little, if at all, hyperplastic at early 
periods after splenectomy, but by the fifth month, cellular hyper- 
plasia IS marked and continues so to the latest penod of observation 
(twenty-seven months) 

10 Welcker H , and Brandt, A Arch f Anthropol 28 37, 1902 

11 Wolferth, C C Arch Int Med 19 105 (Jan ) 1917 

12 Relation of spleen to body weight of albino rat — 0 25 per cent , accord- 
ing to Wistar Institute statistics 
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6 The visceral lymph nodes are more prominent after splenectomy, 
and phagocytic action more marked Hemolymph nodes were not 
found 

CONCLUSIONS 

1 Therefore it appears that the transient postsplenectomy anemia 
results chiefly, or, perhaps, wholly from lessened blood formation per- 
haps, due, as we have previously suggested, to the loss with the spleen 
of a substance which normally stimulates the bone marrow 

2 The persistent increased resistance of the erythrocytes is probably 
one of the most important results of splenectomy from a therapeutic 
point of view 

3 The histologic changes m the lymph nodes, bone marrow, and 
Kupffer cells of the liver of splenectomized animals indicate that these 
organs take over the spleen’s share m disposing of effete erythrocytes 
and their disintegration products 

4 The different response of various animal species to splenectomy 
IS at least partly explained by the difteience in the relative spleen and 
body weights m the various species 
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I MEDICAL ASPECTS (pHILIP KING BROWN) 

There is but one therapeutic agency m the treatment of tuberculosis 
that has stood the test of all time, and that is rest For many years 
the technic of rest has been studied and notable contributions to it have 
come into general use A few are m the developmental stage and deserve 
study and trial in well selected cases The five methods m addition to 
rest in bed which have been proposed for producing relative immobiliza- 
tion of all or part of one side of the lungs are (1) (a) Postural 
rest, lying twenty-three and one-half hours a day on the affected side 
m one-sided cases, advocated by Webb (b) Sand bags on the affected 
^ part (Sewell), giving, to less degree, the same result (2) Section of 
the phrenic nerve in the neck on the affected side, causing paralysis of 
one half of the diaphragm and partial collapse of the lower lobe 
(3) Local replacement by some foreign body of the area occupied by 
the affected part of the lung if in the apex, after extrapleural rib 
resection (Tuffier) (4) Collapse of the lung by nitrogen gas or air 
introduced into the pleural cavity under pressure (Forlanmi, 1882, 
Murphy, 1898) (5) Resection of all the parts on one side, causing 

thereby a narrowing of the chest on the affected side commensurate 
with the collapse needed (Friedrich, Wilms, Sauerbruch, etc ) 

The first method is so simple that it demands trial m every unilateral 
process So great has been Webb’s success with the method that it has 
largely replaced artificial pneumothorax in his hands In his exhaustive 
article on the subject^ he presents roentgen-ray plates showing how 
limited is the motion on the side on which the patient lies and the 
exaggerated excursion of the upper side The object of the fifteen 
minute periods on the well side is to facilitate cavity drainage 

Of resection of the phrenic nerve it has been said by Morriston 
Davies that it is especially applicable when there are secondary changes, 
either mechanical or from infection to considerable extent m the lower 

*From the Division of Surgery, Stanford University Medical School 
*Read before the Fifty-First Annual Meeting, Medical Society of the 
State of California, May, 1922 

1 Webb Tr National Tuberculosis Association, 12 182, 1916 
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lobe , when it is advisable to dimmish the movement of the lower lobe 
when It IS the seat of primary disease, to prevent aspiration of tuber- 
culous or pyogenic material from the upper lobe cavity , and as a pre- 
ventive measure against the development of bronchiectasis in chronic 
interstitial pneumoma 

Tuffier’s procedure of partial thoracoplasty and introduction of 
foreign matter to aid compression, practiced also by Baer, has been used 
by numerous surgeons as an adjunct to extensive thoracoplasty, Archi- 
bald uses It in anterior apicoplasty, leaving the first rib intact, and feels 
that the shoulder is better supported in this way Our own experience 
has been entirely with the efforts to bring about complete compression 
of the apex by removal of all or part of the first rib and shortening 
the clavicle 

There remain to be considered the two means of complete collapse 
of the affected side, artificial pneumothorax and thoracoplasty 

That pneumothorax has been a great contribution to the treatment 
of unilateral pulmonary tuberculosis, no one who has used it will deny 
Like all therapeutic methods it had to go through a long experimental 
period, and doubtless its use has been abused badly Too early cases 
m which there has been no trial of rest in bed in favorable surroundings, 
have undoubtedly been used to exploit the method Too advanced cases 
offer only the palliative conditions following a lessened septic absorp- 
tion It IS not a remedy to be used, except when the size of a cavity 
indicates the unlikelihood of closure if left to nature, although it is 
truly wonderful how much nature alone can do A heart may be 
pulled over 2 or 3 inches, the diaphragm may retract several inches, the 
mediastinum contributes its bit by allowing considerable pushing over 
by the lung that is doing all the work, the shoulder on the affected side 
droops forward and in the roentgenogram the ribs are seen to be much 
closer together than on the good side All this may not close a cavity 
or arrest activity, and even this much can only be accomplished when 
the pleuropulmonary fixation by adhesions assists the pulmonary 
fibrosis Is it not obvious that anything which would assist the 
progress of fibrosis is to be encouraged ^ It is rarely the case that a 
lung in which retraction has gone on to a considerable degree is free 
from pleural adhesions and these adhesions are many times the reason 
that pneumothorax fails Numerous illustrations of how they operate 
to hold cavity walls from collapse are to be found in any series of 
plates taken after this procedure It is sometimes possible after 
repeated small injections of air to tear away small bands of adhesions 
or so to stretch them so that almost complete collapse follows 
Jacobaeus of Sweden has introduced the use of an instrument akin 
to a large cystoscope and has met the difficulty of adhesions 
by opening the pleural cavity after such collapse as wus 
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possible by artificial pneumothorax and cutting the restrain- 
ing bands How relatively easy this might be is illustrated by several 
of our cases, and while we have not as yet attempted it, we are 
convinced that in cases with few but effective adhesions successfully 
holding open a cavity, a trial of it is necessary as a step clearly indi- 
cated before thoracoplasty That one is confronted with the danger of 
exciting a pyopneumothorax must be considered, for a cavity near the 
surface of the lung is often protected by a very thin wall and the 
release of a number of adhesions under pressure might easily put 
sufficient strain on the remainder to cause some giving way of the 
wall and the discharge of the cavity content into the pleural cavity 

That thoracoplasty is to be regarded as an ideal rest to a part that 
has reached a point where nothing else can affect the process, follows 
as a logical conclusion, and as the Avork has progressed in our hands, 
it has become more and more plain that when a lung is advanced in 
disease and pneumothorax is tiied, thoracoplasty should follow if for 
any reason pneumothoiax does not put the lung at rest 

II SURGICAL ASPECTS (lEO ELOESSER) 

It has been interesting to follow the changes in the points of surgical 
attack on pulmonary tuberculosis Krause mentions the practice of 
artificial pneumothorax by the Hippocratic school Sauerbruch ^ cites 
Willis as having cured tuberculous cavities in the seventeenth century 
by making a “fontanella” over the diseased side Whether he opened 
the cavity or made an artificial pneumothorax is not apparent In 
1696, Baglivi wrote of introducing medicaments into “incurable internal 
ulcers of the lung” through an intercostal incision In the eighteenth 
century a number of surgeons opened cavities with a lancet or trocar 
These, I suppose, were cold abscesses from perforated cavities In the 
eighties a number of authors resected portions of tuberculous lungs, 
and MacEwen ® had a few brilliant results after the extirpation of 
entire purulent lobes 

With the exception of the ancient inductors of pneumothorax, and 
Wilhs with his “fontanella” over the diseased side, these surgeons were 
evidently following blind leads Tuberculosis never makes an isolated 
tuberculoma of the lung its lesions are diffuse It is useless to remove 
one tuberculous patch and to leave many others behind 

Modern efforts to alter mechanically the course of pulmonary tuber- 
culosis are based on observations of the effect of accidental compli- 
cations (spontaneous pneumothorax and a pleuntic exudate) on the 

la Krause Tr Am Climatol & Clin Assn , Thirty-Ninth Annual Meet- 
ing, Washington, D C, 1922, Am Rev Tuherc 6 154 (April) 1922 

2 Sauerbruch Chirurgie der Brustorgane, Ed 2 1 591 

3 MacEwen Cavendish Lecture, West Lond M J 11 163 (July) 1906 
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primary disease A number of clinicians ^ had noted that neither 
pneumothorax nor an exudate were always untoward accidents, but 
that both sometimes arrested the underlying pulmonary disease 
Spaeth,® m 1850, explained their benefits as being due to relaxation and 
immobilization of the lung It was also a common observation tliat a 
chronic fibrous phthisis, with shrinkage of the lung, contraction and 
rigidity of one side of the chest, and displacement of the viscera toward 
the affected side, took a benign and slow course To translate these 
two beneficial accidents, external compression of the lung, on the one 
hand, and internal shrinkage on the other, into practice was but a step 
And yet, even after that sound basis had been estabhshed, the evolu- 
tion of the present surgical procedures was by no means straightforward 

Forlanmi,® m 1882, was the first to advocate imitation of a spon- 
taneous pneumothorax by an artificial one He struggled with his idea 
for SIX years before he was able to put it into practice J B Murphy '' 
followed him independently m 1898 Both Forlamm’s and Murphy’s 
ideas, however, lay fallow until the begmmng of the present century 
when Brauer ® took them up again and helped them to a secure footing 

It IS to Brauer ’s rare combination of clinical insight and surgical 
imagination that we owe the first suggestion for our modern collapse 
operations Convinced of the efficacy of collapse of the lung by 
pneumothorax in unilateral tuberculosis, he sought to extend the benefits 
of collapse to patients m whom pleural adhesions made pneumothorax 
impossible In 1906, he suggested to his surgical colleague Friedrich 
that he might produce the effect of a pneumothorax by collapsing the 
whole chest wall Friedrich ® carried out the operation by resecting 
a long piece of all the ribs on one side, i e , removing the bony frame 
of almost one half of the chest 

These two procedures, pneumothorax and thoracoplasty, underly our 
present efforts at a mechanical cure of pulmonary tuberculosis Both 
procedures are calculated to compress the affected lung, to immobilize it, 
to rob It of Its respiratory function, and to cause it to shrink Forlanini’s 
methods for pneumothorax have scarcely been changed in the forty 
years since their invention The original Brauer-Friednch extrapleural 
thoracoplasty, however, has been abandoned for less severe operations 

4 Emerson Pneumothorax, Johns Hopkins Hosp Rep 11 1, 1903 Cites 
Stokes Diseases of the Chest, 1837 Houghton Dublin J M Sc 1 313, 1832 
Williams, C J B Diseases of Organs of Respiration, Philadelphia, 1871 

5 Quoted by Sauerbruch Chirurgie der Brustorgane, Ed 2, 1 , p 594 

6 Forlanmi Gaz d osp 3 537, 585, 601, 609, 617, 625, 641, 657, 665, 689, 
70S (Aug, Sept, Oct, Noi ) 1882, Therap d Gegenw 49 485, 531 (Nov, Dec) 
1908 

7 Murphy J A M A 31 151 (July 17) 1898 

8 Brauer Beitr z khn d Tuberk 12 49, 1909 

9 Friedrich Arch f klin Chir 87 2. 1908 
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Brauer was not the first to have suggested the extrapleural com- 
pression of tuberculous cavities Others — Tuffier/° and especially 
Quincke (we seem to owe most of our advances in lung surgery to 
the internists) — had tried it before him It is to Brauer’s credit, how- 
ever, to have recognized the futility of trying to cure pulmonary tuber- 
culosis by applying pressure over a small circumscribed area of lung 
He was the first to see the necessity for collapsing the whole diseased 
lung and to build an operation on this principle 

Quincke (1888) and Spengler’^^ had suggested the collapse of 
tuberculous cavities by resection of part of the upper ribs Isolated 
attempts at this local collapse were made from time to time with more 
or less success until better insight into the effects of pneumothoiax made 
it evident that a total collapse of the lung was necessary for a cure, 
and that partial opeiations would meet with but partial success 

The development of our present day procedures for the surgical 
treatment of pulmonary tuberculosis sheds much light on the rationale 
of some of them and the futility of others 

The mam difficulty and the gieat mteiest of this treatment center 
m the niceties of indication for operation and the choice of procedure 
The general indications for surgical collapse are easily formulated A 
surgical collapse is indicated for those patients who should have a 
pneumothorax, but m whom a pneumothorax is impossible That is an 
easy foimula it rolls the burden of the choice of patients onto the 
shoulders of the internist If he wants to make a pneumothorax and 
finds he cannot, the surgeon takes his place However, if the surgeon 
IS to take the responsibility, he should make his own observations, 
together with the internist, and participate in the internist’s conclusions 
The surgeon will not regret keeping his patients under observation foi 
several weeks before he makes up his mind He should, by all means, 
have the advantage of frequent consultation with his internist dunng 
this time 

The indications for pneumothorax and for thoracoplasty are, then, 
largely the same, namely, a mainly unilateral process with a bad outlook 
for cure by ordinary conservative means Physical signs and the 
roentgen ray, extensive unilateral cavities, repeated hemorrhages, multi- 
ple caseous pneumonic foci may often make it appaient from the 
beginning that the outlook is bad , again, it may take months to recog- 
nize that the patient is steadily getting worse m spite of good conserva- 
tive treatment It is not necessary that the tuberculosis be entirely 
unilateral, that one lung be perfect Probably it never is It is merely 

10 Tuffier and Martin Trait chir de la tuberc pulni , Pans, Masson ct 
Cie, 1910 

11 Garre and Quincke Lungenchirurgie, Ed 2, Tena, 1912 

12 Spengler Verhandl d Naturforscherversammlung Bremen, 1890 
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necessary that the better lung be competent to carry on the work of 
both, and that it contain no foci that are likely to light up under the 
additional burden, i e , no large cavities or evidently active areas 
Hemorrhages, large amounts of sputum, fever, do not contraindicate 
operation, but rather strengthen the indications 

A release of the lung by pneumothorax will be most strikingly 
effective in chronic fibrous phthisis with cavitation Patients whose 
lungs have shrunk and drawn with them the mediastinal viscera, who are 
dyspneic from a kinking or a constriction of the trachea, or who are 
cyanosed from a displacement of their hearts and great vessels, will be 
given the greatest relief They suffer not so much from their tuber- 
culosis, but from deformities of their viscera arising from the process of 
its cuie The very shrinkage that is going on in the lung shows the 
cuie Sometimes the tuberculosis may be quite healed and only the 
deformities provoke symptoms More often the cure is incomplete 
Would the bony thorax but yield and let the lung contract completely, 
it would heal It is the rigid chest wall that holds the lung out and 
keeps the cavities distended Often one can recognize these patients 
at first sight They are the ones who have one side of the chest 
sunken in, rigid, with no respiratory movement , whose one shoulder has 
dropped, whose spine is bent toward the affected side 

However, not only this fibrous phthisis, but also the more florid, 
suppurative and ulcerative form, may be amenable to cure if the affected 
lung is compressed, kept quiet and allowed to shrink 

Unfavorable for compression are miliary tuberculous disseminations 
I have detailed the indications for pneumothorax because, as stated, 
the same indications hold good for thoracoplastic collapse 

The chronic fibrous phthisics, whose retracted chests give evidence 
of the natural tendency to a cure, whose course shows the mildness of 
the disease oi the patient’s great resistance, are ones likely to 
be helped by a pneumothorax But it is in just these patients that a 
pneumothorax is most frequently impossible Their chests are shrunken 
and their mediastina displaced because the lung has everywhere grown 
fast to them The same adhesive pleurisy that makes the chest shnnk 
precludes the possibility of getting air into it Most of our subjects 
for operation, therefore, will be recruited from this group 

Others, especially those with large superficial cavities in the upper 
lobe, will come for thoracoplasty after having had a pneumothorax — 
an incomplete one Frequently one succeeds in introducing air into 
the lower part of these patients’ chests, one collapses the lower part of 
the lung , but the upper part, the one containing the cavity, remains 
tisfhtly fixed to the chest by adhesions 

Others will have open tuberculous empyemas They have their 
Iineumothorax , their lungs have healed It remains to close the chest 
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The contraindications are partly covered by the contraindications to 
artificial pneumothorax too much involvement of the better lung and 
miliary tuberculosis To these I might add unwillingness or reluctance 
of the patient to accept operation The results are not certain enough 
to force operation on an unwilling patient Unwillingness, however, is 
infrequent enough More often will one have to reject patients who 
are unsuitable, even though they plead for operation, than urge the 
suitable ones to be operated on 

Sauerbruch warns us of an idiosyncrasy to morphin or cocain He 
tells of a woman whom he rejected on this score Another surgeon. 
Ignorant of her peculiarity, operated on her She died on the table 

If at all possible, the operations should be done under local anes- 
thesia alone, the addition of a general anesthetic increases the risk 
greatly It is not the irritation of the lungs by the anesthetic that 
seems to me so objectionable The chemical irntation of nitrous oxide 
gas IS negligible It is the insensibility of the patient to safeguarding 
reflexes, his inability to cough, to regulate the depth of his respiration 
according to his momentary needs and the waste of muscular energy m 
useless struggling that make general anesthesia dangerous Inspirations 
or expirations, unregulated by a waking brain and earned out at 
improper moments, suck and blow tuberculous sputum and pus from 
one part of the lung to another The lack of a cough reflex stops the 
patient from coughing material out again once it has been aspirated 
His useless struggles with his limbs and body and with his respiratory 
muscles wear out his sorely needed store of energy These are the 
risks that the surgeon adds whenever he finds it necessary to supple- 
ment local anesthetics with gas 

Finally, a most important contraindication — no attempt has been 
made at artificial pneumothorax Artificial pneumothorax is the 
procedure of choice for collapse of the lung It is easier to do than 
thoracoplasty, less risky and accomplishes the same lesult, if it can be 
carried out It has, moreovei, an advantage over thoracoplasty in not 
being permanent One can stop treatment after the tuberculosis is 
healed, and if the pneumothorax has not had to be maintained too long 
the air will gradually be absorbed from the chest and the lung will 
unfold But a thoracoplasty collapses the chest for good and all 

At times, however, the permanence of a thoracoplastic collapse may 
be no disadvantage At the last meeting of the California State Tuber- 
culosis Association, I learned from members of large experience that 
insufflations of gas, once they have been begun, must be continued over 
very long periods This, I think, is worth considering in weighing the 
desirability of a permanent collapse Were I a tuberculous patient 
whom a pneumothorax had restored to well being but who relapsed as 
soon as the air in my chest was absorbed , were I a patient wedded — or 
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chained, if you like — to a doctor’s doorstep by the need of a series of 
refilhngs to which I could see no end, it seems to me that I should be 
delighted at the prospect of an operation which would release me from 
medical surveillance When clinical experience, therefore, shows the 
probable necessity for a very long continuance of pneumothorax , when 
after a year or more even the very gradual expansion of a previously 
active tuberculous lung is followed by renewed activity, it seems to me 
worth while to consider supplementing or supplanting the pneumo- 
thorax by a thoracoplasty And all the more because previous gas 
compression of a lung makes surgical compression both technically 
easier and less dangerous 

One never can tell, in spite of roentgenoscopy and all manner of 
diagnostic attempts to show pleural adhesions, whether the lung is bound 
down tight or not, and whether a pneumothorax is possible or not, 
unless one tries it Thoracoplasty, therefore, should never be done before 
pneumothorax has been tried, and has failed or proved insufficient 

The surgeon will usually place more reliance on the internist’s 
opinion and diagnostic findings than on his own And unless he is an 
uncommonly good diagnostician, he will be afraid to proceed alone 
without the help of a competent internist But final judgment for or 
against operation, what, and how much to do, rests with the surgeon 

To know his own mind he should have the patient under observation 
for a reasonable time, at least a week or two, before operating The 
surgeon’s viewpoint is different from that of the medical man No 
matter how accurate clinical observation has been, the surgeon 
should see and judge for himself He will learn a great deal about 
tuberculosis, things which he never knew, or had forgotten It is 
surprising how often simple observations, which are far more important 
surgically than the judgment of rales or resonance, are overlooked in 
patients with detailed charts and records The shape and movements of 
the thorax especially which part is retracted, which part moves and 
which stands still, inspiratory retraction in the intercostal spaces, the 
position of the trachea in the sternal notch, are often overlooked The 
respiratory capacity of the lungs and the daily quantity of sputum 
should be recorded All these factors are of considerable importance 

It IS often as difficult to deade on the type of operation as it is to 
know whether to operate at all There are several methods for total 
collapse, and several for partial collapse Sauerbruch and others of 
experience seem agreed that partial collapse is to be used only in con- 
junction with the methods for total collapse, i e , together with artificial 
pneumothorax, or after a total thoracoplasty has failed sufficiently to 
compress circumscribed areas of lung Partial collapse of the upper 
lung alone, as a primary procedure, is dangerous and rarely leads to 
a cure Disastrous aspiration of tuberculous pus into the lower parts 
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of the lung during operation on cavities m the apex has shown that 
the lower parts should always he collapsed first Flooding the lower 
part of the lung with pus is the chief cause of postopei ative mortality 
This caution applies to non tuberculous abscesses of the upper lung 
as well 

There are two procedures for total collapse of the chest The first, 
the Brauer-Friediich operation, consists in the removal of large sec- 
tions of the second to the tenth ribs Under general anesthesia, a 
long fishhook shaped incision is made between the scapula and the spine 
and carried forward toward the nipple The scapula and soft parts 
are pushed up from the chest and long pieces of rib aie lemoved rapidly 
This divests half of the chest of its bony support It is evident that 
the procedure entails considerable shock and has alarming consequences 
The patients breathe almost as though they had a wide open pneumo- 
thorax The unresistant chest wall flaps back and forth with each 
respiration For the first few da}s the dyspnea is alarming It is 
necessary to steady the chest by various devices turning the patients 
on the operated side, strapping the chest with adhesive, firm bandaging, 
etc Unless one gives the chest some hold, the patients merely gasp 
ineffectually for breath The bellows which move the lungs are too 
flabby to pump air in and out If the patients survive the first few 
days, they gradually accustom themselves to the new type of breathing 
Many of them, however, succumb to the intense air hunger The 
operation carries with it too high a mortality to be of wide use It 
may, however, still be indicated in patients in whom a thick or resistant 
pleura, or a thick and unyielding mediastinum, separates the chest into 
two distinct compartments , so that the one will be stiff enough to carry 
on the work of respiration even though the other be totally out of 
commission Its sphere will piobably be limited to the after-treatment 
and collapse of open tuberculous empyemas In these cases it may be 
carried out after the manner of a Schede thoracoplasty with con- 
siderable prospect of success 

Sauerbruch’s procedure has many advantages over Friedrich’s and 
has superseded it Sauerbruch collapses the chest by resecting smaller 
portions of all the ribs through a paravertebral incision His resection 
IS earned out close to the spine, at the costal angle His procedure 
IS much less mutilating, it diminishes the thoracic volume verv nearly, 
if not quite, as much as Friedrich’s operation, and it has the great 
advantage of producing collapse without robbing the chest of its rigidity 
— of its bony support It is necessary, in order to get a good collapse, 
that the ribs be resected close to the spine When this is done, the chest 
IS narrowed not only in the trans^ erse, but also in the sagittal diameter 
The ribs not only cave in, but their sternal ends drop down nearer the 
backbone The vertical diametei of the chest is lengthened The chest 
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becomes narrower both fore and aft and sidewise, but it also becomes 
longer The ribs run almost vertically instead of horizontally, the 
intercostal spaces are much narrowed, especially toward the back The 
reasons are clear when one thinks of the way m which the ribs are 
suspended Their fixation points he at the two costovertebral joints 
the joint between the head of the rib and the vertebral body, and the 
joint between the tubercle of the rib and the transverse tuberosity 
These two joints determine the position of the ribs and hold them 
firmly out from the spine The sternal end of the rib is flexible One 
can cut the ribs off from one side of the sternum entirely and they will 
still maintain their position in a tiansverse plane fairly stiffly If, how- 
ever, one cuts the connection between the ribs and the spine on one 



Civity 


F'S t Before pneumothorax, showing large cavity of right upper lobe 


side, that side of the chest becomes freely movable and drops down by 
its own weight, the weight of the tnscera suspended from it, and the 
pull of the abdominal muscles This drop and the vertical narrowing 
may be seen by comparing Figuies 9 and 10, and Figures 17, 18 and 
20 

The amount of collapse produced by the lesection of only a few 
centimeters of the posterior part of the ribs is astonishing Com- 
pression occurs, as stated, in two directions — transverse and sagittal 
The diminution in the sagittal diameter becomes apparent immediately 
the lo^\er two or three ribs have been cut across As we continue our 
resection up\\ard, the collapse increases before our eyes The chest 
wall falls in toward the midline more and more as we proceed The 
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diminution in the other direction, the transverse decrease, which is 
caused largely by the dropping down of the ribs, does not become 
apparent until the two uppermost ribs are cut, especially the top one, 
which IS the mam support from which the chest is suspended The 
collapse IS striking as soon as the fiist rib is severed The whole chest 
wall drops down suddenly, like a tent whose pole has been taken 
from under it This drop does not occur until the first rib is cut 
through, but after that the whole chest drops downward several inches, 
one rib following the other like a series of card-houses The downward 
shift usually covers from one and one-half to two intercostal spaces so 
that the sternal end of the first rib lies opposite the vertebral stump 
of the third nb, or even lower 

Sauerbruch’s opeiation is by fai the better piocedure for total col- 
lapse It IS much less shocking than the Brauer-Fnedrich’s thoraco- 
plasty It can be done under local anesthesia, a veiy great advantage 
It can be done m several stages We can stop our resections at any 
time if the patient becomes dyspneic There aie no alarming after- 
effects It does not upset the whole respiratory mechanism by robbing 
half of the chest of its bony framework 

It IS really easier than it might seem In the beginning I planned 
to do the operation in several stages But I found it necessary to 
Stop short only once in the five patients In thiee cases I was able 
to resect pieces of all of the ribs, from the first to the twelfth, at one 
sitting, in one case, the first of the series, I left the first rib, ignoring 
Its importance, and had to remove it at a second sitting 

The patients are not visibly deformed No one would notice the 
deformity when they are clothed 

Following the ideas of Webb, the patients are laid on the operated 
side after operation so that the weight of the body may further the 
collapse and keep the affected side quiet They are given morphin or 
codein, and aie turned twice a day so that they may cough out the 
accumulated secretions If possible, the posteiior edge of the scapula 
IS laid in fiont of the vertebial stumps of the ribs so that it may push 
the chest still furthei inward The patients aie kept in bed about 
eight weeks 

Tlie chest is collapsed, as stated, both m the transverse and the 
sagittal diameter There are no lespiratory movements, except in the 
upper anterior pait of the chest The sternal ends of the first two or three 
ribs move They are carried along by the sternum, I think, with the 
respiratory movements of the unoperated side Below the scapula, where 
the resected ribs are most movable, the chest wall often moves paradox- 
ical!} with respiration that is, it is retracted on inspiration and moves 
out from its inspiratory position when tlie patient breathes out 
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The collapsed side is dull to percussion, but on auscultation all sorts 
of sounds are heard loud bronchial breathing and various squeaks, 
rubs and rales All observers are agreed that it is very difficult to 
judge of the meaning of these physical signs The bronchial breathing 
probably comes from the air in the bronchi causing a whistle to be trans- 
mitted loudly through the shrunken and solid lung The squeaks and 
rales are partly pleuritic and partly produced in the atelectatic alveoli 
The mediastinum and heart, which before operation are often pulled 
far over toward tbe affected side, frequently return to the midline after 
operation 

The respiratory rate has not increased after operation 
We have had no untoward results It is too early to speak of cures, 
but all of our five patients have improved None has had 

elevation of temperature The sputum has diminished in all of them 
One patient has no sputum at all , two patients expectorate about 4 c c a 
day Two still bring up from 15 to 30 cc a day Two of those with 
sputum show no tubercle bacilli on repeated examinations All of them 
have gained oi held then weight, look well and are free from pain , their 
disease has been arrested oi has diminished in extent 

We have been foitunate enough to avoid an aggravation on the 
better, unopeiated side Indeed, in some of the cases not only the 
operated but the unoperated side has been improved The improvement 
was noticed clinically, and Di Bryan also called attention to the 

marked differences m the roentgenograms We have been fortunate, 
but others ha\e noted the same thing They have tried to explain the 
improvement in various ways they have said that the lung was like the 
kidney m that the less affected one impioved as its neighboi improved, 
that the appetite and general resistance weie benefited by the abolition 
of cavities and expectoration 

One can go farther than this Stivelmann, Hennell and Golembe,^'* 

and Barlow and Kramer seem agreed that there may be anatomic 

grounds for the bilateral impiovement It seems to me that we are 
far too prone to look on the two halves of the chest as two separate 
and independent compartments They are not Whatever changes 
the pressure on one side will change the pressure on the other The 
mediastinum is not a sheet iron wall it is an exceedingly thin and 
yielding membrane One can see it change its position after operative 
collapse of the chest The measurements of Simon show that 
pneumothorax lowers the tension not only in the collapsed but in tbe 
contralateral half of the chest, and that the decrease is about equal on 

13 Stivelmann, Hennell and Golembe Am Rev Tuberc 6 95, 1922 

14 Barlow and Kramer Am Rev Tuberc 6 75, 1922 

15 Simon Tr Nat Tuberc Assn, Seventeenth Meeting, 1921, p 402 
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both sides Collapse, therefore, compresses not only the collapsed 
side but the other side as well , so that not only the affected lung, but 
also the unaffected lung, should reap some of its benefits Releasing 
the shrunken side from the tug of its pleura should help the emphysema 
and distortion of the less affected lung, and put it in a better position to 
use its powers of shrinkage where they are needed, i e , over its 
tuberculous areas 

In discussing the various operative procedures we stated that the 
total collapse of Sauerbruch was the operation of choice, that partial 
collapse was dangerous , and that we had been able in every case but 
one to resect pieces from all twelve ribs in one sitting This is true, 
but a single resection is sometimes insufficient Some cavities are not 
obliterated b)' it The fault lies not with the operation, but with the 
cavity One can always decrease the volume of the thorax sufficiently 
to relieve the lung of all tension Some cavities, however, are so 
stiff-walled that they will not collapse even when there is no tension 
on them at all These stiff-walled cavities have to be pushed in if 
they are to be obliterated Their walls will never fall in by themselves 
Here partial resection and partial compression enter the field 

There are various methods the columnar resection of Wilms,^*’’ 
who remo\es a piece of rib both anteriorly and posteriorly, intrapleural 
apicolysis, where the hand is introduced into the pleural cavity and 
adhesions broken down extrapleural apicolysis, where the pleura of the 
upper thorax is loosened from the chest Avail together Avith the under- 
lying adheient lung, and the methods of Tuffier and of Baer,’^’’ Avho 
compress the lung Avith a free graft of fat or with soft paraffin, and 
of Archibald \\ffio places a tampon of muscle over the cavity Partial 
collapse IS particularly indicated AAdien an artificial pneumothorax 
succeeds in compressing the low^er part of the lung, but where the apex 
and 'ts cavities are held stretched out to the chest Avail by firm pleural 
deposits IV hen a partial pneumothorax is possible, its combination 
Avitli partial thoracoplasty is an ideal procedure A partial pneumo- 
thorax compresses the loAver part of the lung , after this a thoracoplasty 
may compiess the upper part with impunity There is no danger of 
aspirating material from an uppei cavity into the lower lung after the 
loAA er lung has been compressed by a pneumothorax 

I haA e had to supplement Sauerbruch’s thoracoplasty with an opera- 
tion on the apex tAAice The first patient had an enormous ca\aty AVith 
sputum up to almost a pint a day Beneath the cavity she had a 
pyopneumothorax Avhich Drs Whitney and Richter, Avho Avere kind 
enough to send her to me, had aspirated and AA^ashed out at intervals 

16 Wilms Munchen med Wchnschr 60 449, 1913 61 865, 1914 

17 Baer, G Ztschr f Tuberk 23 209 1914 

18 Archibald Tr Am Surg Assn 1922 
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A Sauerbruch resection obliterated the pyopneumothorax and lessened 
the diameter of the cavity by about one half, but did not obliterate it 
The sputum dropped at first to about 50 c c a day, then rose again to 
about 100 cc Two months after the first operation, I resected an 
inch of the clavicle and considerable pieces of the upper four ribs 
through an anterior incision The sputum diminished to about 30 c c , 
the cavit}'" is much smaller but it is not yet collapsed Of late her 
sputum has again increased and a cold abscess has broken through the 
chest from her old empyema A third operation will probably be 
necessary 

A second patient operated on m two stages by the Sauerbruch pro- 
cedure also retained a considerable cavity at her apex At a third 
operation I removed an inch of clavicle and practically all that remained 
of the first and second ribs, as well as three and a quarter inches of the 
third rib 

REPORT OF CASES 

Case 1 — Afrs M M , a housewife, aged 29, was referred by Dr Philip 
King Brown to the San Francisco Hospital, March 1, 1921 She was dis- 
charged, Dec 22, 1921 She has two children 

Hisioiy — She had measles m March, 1920 Following this she complained 
of increasing weakness, cough and fever For the past year she has had after- 
noon temperature of 99 and 100 F She expectorates 25 or 30 c c of sputum 
a day At times it is blood streaked Various attempts at pneumothorax have 
failed 

Examination — March 29, 1921, Dr Clark examined her and found her to 
be undernourished The thorax was long, flat and broad The left shoulder 
was lower than the right, and the respiratory movement of the chest was 
restricted on both sides, decidedly more on the left side than on the right 
The whole left side was dull , it was flat down to the seventh dorsal vertebra 
and less dull below It was dull m the left axilla On the right side there 
was dulness above the clavicle and posteriorly down to the second dorsal 
vertebra The right side of the diaphragm moved fairly well, the left side 
moved very little There were rales in the upper left chest on coughing, with 
amphoric breathing Theie were also rales below the left clavicle There 
were rales over the right clavicle and over the right fifth rib The heart 
was displaced to the left 

TABLE 1 — Summary or Dat\ r" Case 1 


Before operation 
Postoperatno abscess, April it 20 
April 26 to Julj 1 
July 1 to August 1 
August 1 to September 1 
Second operation September 19 25 
September 25 to December 22 
Dischaiged, April 13, 1922 


Tempera 


Respira- 

Sputum, 

Weight, 

turc, F 

Pulse 

tion 

Cc 

Pounds 

98 6-100-102 

£0-110 

20-35 

25-30 

112 

98-101-102 

80-140 

30-45 

1 

? 

98- 99 5 

90-120 

30-40 

6 

101 

98- 99 

90-120 

30 

0-5 

? 

98- 99 

£0-100 

25-30 

10 

104-114 

98 6-102 

90-120 

25-40 

10 


97 8- 98 6 

85-100 

22-23 

5>0 

9 

98- 98 8 



0 

134 


Sputum Marcli 2, 1921, Tb + Aug 26, 1921, Tb +, Oct 2S, 1921, negative 
Drme nogatue 

Blood Hemoglobin, SO per cent , red blood cells 5,000 000, ubite blood cells, 8,850 to 11850, 
polymorphonuclears, 62 to 72 per cent , small Ijmpliocytes, 38 to 25 per cent , Wassermann 
neg itive 



4 — After piietimotliorax, showing cavitj' held distended by adliesions, 
still uncollapsed P-Pneumothorax 



Fig 5 A.1T101 nt of ribs resected m Friedrich operation 



BROW N-ELOESSER— PULMONARY TVBERC ULOSJS 


717 



Fig 6 — Amount of ribs resected in Saiierbruch operation 



Fig 7 — Diagram of cross-section of chest Friedrich's resection on the right 
side, Sauerbruch’s on the left, amount of rib removed shaded black Although 
the amount of rib resected in the Sauerbruch operation is much less, the col- 
lapse IS almost, if not quite, as great as after the Friedrich operation 
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Fig 8 (Case 1) — Before operation Large cavity left apex Infiltrate below 
Considerable mottling right side 



Fig 9 (Case 1) Five months after first operation First rib not resected 
Collapse incomplete ISo sinking downward of left chest Cavit> of left apex is 

oTnglit liing'^ ^ipsed Scoliosis to left and compensatory dilatation 
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Roentgen-ray examination, March 21, 1921, disclosed a cavit}' in the upper 
left side of the chest and an infiltration on the left side 

Diagnosis — Cavities in left side Thick pleura left base Thick pleura 
right apex Active tuberculosis upper and middle lobe, right 

T) catment — First Operation April 14, 1921, under satisfactory local anes- 
thesia from the second to tile eleventh ribs were resected according to Sauer- 
bruch’s method The resected pieces measured as follows Second rib, 3 75 
cm , third nb, 3 75 cm , fourth rib, 3 25 cm , fifth rib, 3 25 cm , sixth rib, 
3 5 cm , seventh rib, 2 75 cm , eighth rib, 2 6 cm , ninth rib, 2 25 cm , tenth 
nb, 1 75 cm , eleventh nb, 0 5 cm The pleura was opened and cobweb 
adhesions were seen No preumothorax resulted The lung was grasped with 
a hemostat and pulled about This was done to find the cause of the pain in 
adhesive pleurisy The patient, however, felt no pain during this maneuver 
After cutting the second nb, the chest as a whole dropped back toward the 
spine The medial edge of the scapula was placed under the stumps of 
the ribs 



Fig 10 (Case 1) — Four and one-half months after second operation Cured 
First nb resected, additional pieces removed from second and third ribs 
Left chest has sunk down so that peripheral stump of first nb lies opposite 
central stump of third nb Peripheral stumps of first and second ribs united 
by bony callus Cavity completely collapsed Note the difference between 
Figures 9 and 10 (before and after resection of the first nb) After resecting 
the first nb the upper chest is much narrower and the cavity completely 
collapsed 

Com sc — April 15, the heart had returned to its normal position the apex 
was in the left nipple line and the right border was at the right sternal edge 
April 25, some pus containing staphylococci appeared m the wound It 
contained no tubercle bacilli (guinea-pig inoculation) 

August 23 Up to ten days ago the patient had no sputum She now 
has 1 cc per day After “catching a cold” she had more sputum and cough 
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September 16 Roentgen-Ray Examination Medial part of left diaphragm 
moves about one-half inch There is a small area of mottling at the base of 
the right upper lobe with interlobular thickening 

September 17 The cavity at the left apex still remains 
Second Operation September 29, a second operation was undertaken 
Under satisfactory anesthesia the first, second and third ribs were resected 
The second and third were joined by callus The resected pieces measured 
First rib 3 cm second rib, 5 cm . third rib 2 5 cm After resection the 
apex collapsed Part of it was hard, but the top of the apex was soft and 
blew m and out on respiration as though it contained a thin walled cavity 
September 22 The patient was discharged to convalescence at Arequipa 
She felt well, was gaming weight, and had no sputum 

April 13, 1922, she was finally discharged She has gained 24 pounds since 
her first admission Her color is good, she looks robust and sturdy She is 
now doing housework, has no cough, no sputum, and may be considered cured 
Case 2 — Aliss E W, a nurse, aged 28, was referred by Dr Philip King 
Brown to the San Francisco Hospital where she stayed from March 29 to 
Aug 6, 1921 

Hisloiy — One brother died of tuberculosis At the age of 3 she had pneu- 
monia and at 14 she had “grippe ” She was m bed and was kept out of school 
for SIX months, and did not feel well during this time Six vears ago she 

had an hemoptysis of a few ounces This recurred several times, the last 

time on Christmas day, 1920 For the last six years she has had afternoon 
rise in temperature at times , in Februarjq 1921 her temperature was 100 and 
101 F Three years ago she had a pleurisy which lasted off and on for two 

vears For the last one and one-half years she has had to sit up in order 

to breathe She had four attacks of dyspnea, each lasting three weeks, and 
at this time she had fluid m her chest She was at Arequipa twenty-two months 
w ith daily sputum measuring from 25 to 50 c c For the past eleven months 
she has been at the Mann County Infirmary and has had from 50 to 100 c c 
of sputum a day Eleven attempts at pneumothorax were made at Arequipa 
but uere only partially effective, as follows 


Tel) 8 

75 c c 

air 

Apiil 

s, 

no air 


Teb 15 

75 c c 

air 

April 

8, 

65 c c 

air 

Feb 22, 

190 c c 

air 

Dec 

27, 

100 c c 

air 

March 1 

225 c c 

air 





March 8 

550 c c 

air 

1920 Tan 

3, 

65 c c 

air 

March IS 

225 cc 

air 

Tan 

10 

100 c c 

nir 

March 22 

140 c c 

air 

Jan 

24, 

225 c c 

air 

March 29, 

no air 


Jan 

31, 

SO c c 

air 


While at Arequipa she gained 33 pounds in weight (137-170 pounds) but had 

frequent hemorrhages Ljong on her right side makes her cough and bring 

up more sputum She sleeps on her back or on her left side 

Examination — May 3 1921, Dr Clark examined her and found a well 
nourished girl mth a sunken right chest The whole right side was dull, 

except just under the clavicle There was amphoric breathing at the right 

apex with bronchial breathing at the right base and right hilus There were 
bubbling rales on the right side The left side was hyperresonant and there 
\\ere moist rales at the left base (communicated from right There were 
no rales o-ver the left upper chest 

Dr Eloesser s examination reads Right side moves, but less than the 
left The right claMcle does not rise as much as the left and the right chest 
excursion is less than the left The upper right quadrant, under the pectorals, 
rises well 

Dtagnous — Chronic tuberculosis Cavitj of the right lung 
Treatment —BMore: operation the sputum measured from 50 to 100 cc For 
the first four weeks after operation it averaged 20 c c a dav, then 15 cc 
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Fig 11 — Case 1 After operation Collapse of left side Gain m weight 
Case 2 After operation Collapse of right chest Marked scoliosis Case 3 
After operation Collapse of right chest Marked scoliosis 



Fig 12 (Case 2) — Before operation Before pneumothorax Pleurisj with 
effusion right base 
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Fig 13 (Case 2) — Before operation Effusion absorbed Large cavity mid- 
dle right lobe Trachea drawn to right 



Fig 14 (Case 2) — Fifteen da>s after operation Distal end of first rib in 
first interspace Collapse incomplete Considerable gap between ends of 
resected ribs Trachea is drawn to right l^o cavity seen 
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Fig 15 (Case 2) — Seven weeks after operation Collapse much more 
marked, especially around middle and lower parts right chest Distal end of 
first rib in first interspace Heart has moved to the left Trachea is drawn 
to right 



Fig 16 (Case 2) — Ten months after operation Peripheral end of first rib 
m first intercostal space No further signs of cavity Good collapse, especiallv 
of upper part of chest Trachea is drawn to the right The usual scoliosis is 
absent This figure is a combination of two films the one overexposed to 
show the collapsed side, the other with a normal exposure for the good side 
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May 4, 1921, under satisfactory local anesthesia, the ribs were resected The 
resected pieces measured , First rib, 1 5 cm , second rib, 2 7cm, third rib, 45cm, 
fourth rib, 7 3 cm , fifth rib, 6 75 cm , sixth rib, 7 5 cm , seventh rib, 8 cm , eighth 
nb, 8 cm , ninth rib, 8 cm , tenth rib, 62 cm , eleventh rib, 6 2 cm , twelfth 
ribi 4 5 cm The collapse of the chest began to be evident after removing the 
ninth rib After removing the fourth, fifth and sixth ribs, those overlying 
the cavity, the patient began to expectorate large quantities of sputum The 
collapse amounted to from 3 to 4 inches m the transverse diameter 

Couisc — Miss W made a smooth convalescence and was discharged from 
the San Francisco Hospital, Aug 7, 1921, with an average of 15 cc of sputum 
a day and normal temperature 

She was readmitted to Arequipa for convalescence, August 15, and while 
there had sputum averaging from 10 to 12 c c a day Between Dec 5, 1921, 
and May 1, 1922, during which time she worked m the laboratory, she made 
twelve careful examinations of her own sputum and found no tubercle bacilli 
She was up twelve hours a day 

May 21, 1922, she stated that since November, 1921, when she had a cold, 
she had been sleeping on the good side because she found it easier to breathe 
and because she coughed when she lay on her bad side The right side 
showed a marked inspiratory retraction (paradoxical breathing) under the 
scapula On coughing or making a forced expiration, the right side bulged 
out There were amphoric breathing and moist rales in the right axilla 

TABLE 2 — SuMMARV or Data in Case 2 



U cmperT 
turo P 

Pulse 

Respira- 

tion 

Sputum, "Weight, 
0 e Pounds 

Before 

9S-100 

70-100 

20-25 

50-100 

172 

Aftei 

98- 99 

80-100 

20-25 

20>15 

163 


Unno negative 

Blood Hemoglobin SO per cent , red blood cells 4,100,000 

Sputvim M'i> 1, positive, June 23, negative, August 2, 3, and 4, negative for Tb 


Except for the 10 c c of watery sputum, without tubercle bacilli, which she 
brings up every day, the patient is cuied She is up every day, feels well, 
and IS going East next week 

Twelve additional examinations, made from Dec 5, 1921, to May 1, 1922, 
were negative Spirometer leadings notes lost 

Case 3 — Miss T T student aged 25. was referred by Dr Philip King 
Brown to the San Francisco Hospital She stayed from July 8 , to Oct 12, 1921 

Histoid — Her illness began after an attack of influenza, in December, 1919 
In June, 1920, she had two hemorrhages She entered Arequipa m September, 
1920, but in spite of careful conservative treatment lost ground steadily She 
is nervous, her heart is irritable, and there is possibly an element of hyper- 
thyroidism On admission to Arequipa her temperature was 1004 F , it rapidly 
receded to 98 and 99 F , and rarely reached 100 F Three attempts at pneu- 
mothorax were unsuccessful, at a fourth a pleural pocket was injected with 
75 cc of air 

Exaimnaiwn She was admitted to the San Francisco Hospital, July 8 , 
1921 The right side of the chest was contracted and scarcely moved on 
respiration There vv'as a diflruse fibrous thickening of the right lung with 
at least three large cavities There were diffuse bubbling rales all over the 
right side There vv as an audible wheezing stridor The right diaphragm was 
adherent to the lung and moved onlv verv' slightly The sputum measured 
40 cc Spirometric measurements were not made 

Ti catmeut First Operation JUI 3 19, 1921, thoracoplasty was done under 
satisfactorv local anesthesia the fourth to tvv^elfth ribs being resected They 
measured Fourth rib 14 7 cm , fifth rib 13 3 cm , sixth nb, 12 5 cm , seventh 






Fig 17 (Case 3) — Roentgenogram made before operation Three large cav- 
ities without fluid level in right upper and middle lobes Increased peribron- 
chial thickening m left lung Right side is shrunken Trachea is pulled to the 
right No scoliosis 



Fig 18 (Case 3) — Three weeks after first operation Three upper ribs 
remain Upper chest uncollapsed Trachea and heart still pulled to right 
Slight dextroconvex dorsal scoliosis This is seen to increase m the following 
figures 




Fig 20 (Case 3) — Fne and one-half months after second operation Exten- 
sue regeneration of resected ribs Distal pieces of first and second ribs he 
in second intercostal space and are welded to the central stump of the second 
rib bj bon} union Bon} union between the central stumps of the first and 
second ribs Large ca\ities remain at the right apex and in the right middle 
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rib, 14 1 cm , eighth rih, 117 cm , ninth rih, 112 cm , tenth rih, 115 cm , eleventh 
rib, 88 cm , twelfth rib, 5 cm After the fourth rib had been reached the patient 
became dyspneic and it seemed safer to stop the operation 

Cowse — The dyspnea continued to distress the patient for several days, 
but by the end of a week she \vas breathing easily The sputum averaged 
20 c c a dav 

Second Operation Aug 31, 1921, the vital capacity measured 1,550 c c 
On this date the remaining three upper ribs were resected as follows First 
rib, 2 cm , second rib, 4 cm , third rib 6 9 cm The patient stood the second 
operation well Breathing was not labored The following week she suffered 
considerably from dyspnea 



Fig 21 (Case 3) — Sin weeks after third operation The clavicle has been 
resected and bas united Only the central ends of the first and second ribs are 
visible , their distal ends seem to have been removed completely Extensive 
regeneration of resected ribs The cavities are much smaller, but still plamlv 
visible Trachea seems to lie in midline Marked dextrodosal sinitrolumbar 
convex scoliosis, this has developed in the eight months intervening since Fig- 
ure 17 was made 

Couise — Oct 7, 1921, the notes read Left shoulder is lower than right 
Smistrolumbar convex, dextrodorsal convex scoliosis Inspiratory retraction 
below right scapula Heart beat visible and palpable on the right side, mid- 
axillary line, fifth intercostal space Lower part of chest does not move on 
inspiration Upper part is lifted just a little Duhiess on right, except just 
over clavicle Amphoric breathing and egophony here, and at the low-er angle 
of the scapula The rest of the right side is silent, except for a faint pleural 
rub The left side shows only a few isolated rales and a pleural rub 
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Oct 12, 1921, the vital capacity measured 1,400 cc (a reduction of 150 cc 
from the reading before the second operation) The sputum averaged 17 5 
cc a day and September 21 still contained tubercle bacilli 

She was discharged to Arequipa Oct 13, 1921 During the first half of 
November she brought up from 15 to 20 cc of sputum per day In the 
midde of November, after a corvza, the sputum increased to 25 and 40 cc 
The cavity was still visible under the fluoroscope 

Third Operation Jan 22, 1922, Dr Brown sent her to the St Francis 
Hospital for a third operation This was performed Jan 31, 1922, about one 
inch of the left clavicle and practicall} all that remained of the first, second and 
third ribs being resected under satisfactorj'^ local anesthesia The resected 
bones measured as follows Clavicle, 2 5 cm , first rib, 3 7 cm , second rib, 
8 cm , third rib, 9 4 cm 



Fig 22 (Case 3) — Ribs resected at first, second and third operations 

Com sc The patient suffered considerably from dvspnea for the first few 
u eeks follow mg operation, but made an otherwise uneventful recovery and was 
di^scharged to A.requipa, March 16, 1922 Her sputum measured from 3 to 
25 c c per dai, areraging about 15 cc Her temperature was normal 
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D‘\TA in 

Case 3 



Before opcntion 

TuB IS to Kug ->0 1921 
Septembir 1 to Oct 13 1921 

1 emper i 
ture F 
9S-99T 
93-99 S 
93-99 ') 

Pulse 

80-100 

100 

100-1- — 

Respir 1 
tion 

20 SO 

20 

20-30 

Sputum, 
C c 

40 

20 

17 5 

Weight 

Pounds 

128 

mVs 

123<12r 


Sputum Tb positl\e sept 21 192] nncl Tune 20 1922 
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Examination, May 21, 1922, showed the right side standing still, except in 
the very upper part There was an inspiratory retraction of the soft parts under 
the right scapula There were no bubbling rales anywhere There was a fine 
pleural rub at the left base Her breatbing was still wdicez} She was slowly 
gaining weight The outcome seems doubtful 

Case 4 — Miss K O , a seamstress, aged 45, was referred by Drs C M 
Richter and J L Whitney, and entered the San Francisco Hospital, July 30, 1921 
Htstoiy — Tuberculosis was discovered ten years ago About 1915 she broke 
down completely with increasing cough, fever and hemoptysis, and lost 10 
pounds She stayed at Arequipa fourteen irionths, and improved , then went 
to Los Gatos for seven months, at the end of which time she w'eighed 180 
pounds, she then returned to Arequipa for five months She came to San 
Francisco in February, 1919, and felt quite well She had a moderate amount 
of sputum, some dyspnea, and occasional fever By the end of 1919, she had 
lost 12 pounds and had fever, dyspnea and cough From February to October, 
1919, she had an artificial pneumothorax (fifteen injections) and felt well, but 



Fig 23 (Case 4) — Before operation Large cavity upper right wuth fluid 
level Pyopneumothorax below with fluid level and small gas bubble Heart 
and trachea drawn far to right 

the sputum remained the same Nov 8, 1920, she had pleurisy and fever From 
January to April, 1921, pus was removed from the chest by Drs Richter and 
Whitney and the chest was irrigated Her average weight was 160 pounds , 
weight on entrance to the San Francisco Hospital was 135 pounds 

Examination — The right chest is retracted and moves less than the left 
There is a little expansion in an anteroposterior direction on the right side of 
the sternum, at the third and fourth ribs, but there is no anteroposterior 
expansion of the lower right chest There is no transverse expansion on the 
right side There is a cavity at the right apex and below' it a pneumothorax 
with a succession splash The mediastinum lies one inch to the right of the 
midline The trachea enters the sternal notch one-half inch to the right The 
respiration is wheezy She expectorates mainly in the morning on sitting up 
from a recumbent position When sleeping on the left side she coughs, but 
attempts to make her cough by lying on her left side, or by hanging her head 
over the bed, are unsuccessful Pier heart is displaced to the right Her 
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fingers are clubbed Her sputum averages 140 c c per daj Aspiration in the 
seventh intercostal space, below the scapular angle, yields 30 c c of pus swarm- 
ing with tubercle bacilli On forced expiration no air comes from the needle, 
but a little bubbles in wdien the patient breathes quieth 

Diagnosis — Chrome fibrous phthisis, wuth large cavity in upper right lung 
and pyopneumothorax below' 

Aug 11, 1921, some methylene blue was injected into the empyema cavity 
which was not coughed out in two days, showing that there w'as no bronchial 
fistula August 17 the urine was stained green 

Ticatment — First Operation Aug 15, 1921, under satisfactory local anes- 
thesia, the twelfth to the first ribs were resected More was taken of the 
third, fourth and fifth ribs in order to compress the upper parts of the lung more 
The resected pieces measured First rib, 2 cm , second rib, 4 cm , third 
rib, 6 cm , fourth rib, 8 cm , fifth rib, 8 7 cm , sixth rib, 114 cm , seventh rib, 
7 8 cm , eighth rib, 7 2 cm , ninth nb, 7 5 cm , tenth rib 7 3 cm , eleventh 
rib 5 7 cm , twelfth nb, 4 cm 

Com sc — A week following operation the sputum measured from 20 to 25 
c c A month later the sputum began to increase in amount, and Sept 27, 

TABLE 4 — Summary of Data in Case 4 



Icmpera 
ture, F 

Pulse 

Ecspira 

tion 

Sputum, 

Cc 

■Weight, 

Pounds 

Before first operation, Aug 13, 1921 

97-99 a 

£0-103 

20-28 

110 

135 

August 16 to September 1 

98 0 

90 

20 

33 

1 

September 1 to October 1 

97-98 () 

80- 90 

25 

120* 

1 

October 1 to Novembei 12 

97-98 0 

75- 90 

25 

110 

123 

Second operation, Noi 12, 1921 

Nov 12, 1921, to Jan 1, 1922 
January 1 to Marcli 9 

97-98 

85- 93 

25 

40 

128 

97-98 6 

75- 90 

25 

30 

<133 

Influenza 

March 9 to March 20 

98 6-101>9S-99 

85-100 

20-23 

123 

133 

Marcli 20 to June 1 

9/-9S 6 

80- 90 

20-25 

103 

133 


Blood Hemoglobin, 75 pei cent red blood cells '>,500,000, vbite blood cells, 15,000, poll 
morphonuclenrs, 63 per cent , small hmphocytes, 33 per cent , laige Ij mpboej tes, 2 per cent , 
mononuclears, 2 per cent , basophils, 0 5 pci cent 


* Increased from 30 to 200-100 toinrd last neck of September 


1921, a distinct succussion splash was heard at the sixth nb The patient had 
noticed this herself Oct 3, 1921, the chest expansion w'as, 75-77 2 cm = 
22 cm 

Roentgen-ray examination, Oct 21, 1921, show'ed no movement of the dia- 
phragm on Valsalva’s experiment*'’ The right side of the chest was absolutel} 
quiet The cavity was not influenced b}' normal pressure on the chest 

Nov 12, 1921, the signs of cavity and increased expectoration still persisted 
Second Operation — Under satisfactorj' local anesthesia a curved incision 
was made over the middle of the right clavicle and carried dowmward to the 
fourth nb The cla^ icle w'as cut through w'lth a Z-shaped incision and the 
vessels and plexus w'ere retracted The fourth to the first ribs w'ere resected 
from the mamillarj to the axillary line The site of the previous posterior 
resection had united so that the middle piece of the ribs could not be avulscd 
when thej' w'ere cut through in front The chest was well collapsed oicr the 
third and fourth ribs The first tw'o ribs, however, bulged out o\er the le\el 
of the flat chest like a dome The clavicle was united with kangaroo tendon 
The resected clavicle measured 2 8 cm , first nb, 2 cm , second rili, 4 7 cm , 
third nb, 5 5 cm , fourth nb, 6 cm 


19 Forced expiration against the closed glottis 




Kink of 
Trachea 


Fig 26 (Case 4) — Five weeks after second operation Collapse much 
increased, especially of upper part of chest A small narrow cavity still visible 
heie Marked improvement right lung Trachea distinctly to right of midline 
It IS kinked to the right at the level of the top of the sternum 




'iji- 



F'S 27 (Case 4) — Seven months after second operation The right chest is 
much narrower and the ribs steeper than in the previous figure The difference 
IS cspeciall} noticeable in the lower part of the chest The ribs run almost 
Nerticalb The peripheral ends of the first and second ribs lie in the second 
intercostal space The trachea is in the midline The clear space below the 
right cla^ icle is possiblv, but not certainly, the remains of a cavity The clavicle 
has united The figure is a combination of two films one overexposed for the 
collapsed side one normalh exposed for the good side 
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Cotuse — Dec 3, 1921, the patient sat up The sputum was 30 cc per day 
By December 7 the sputum had increased to 60 c c 

Jan 20, 1922, the roentgen-ray showed a satisfactory compression The right 
diaphragm was obscured The heart shadow was compressed against the 
right nb cage 

February 16, the roentgen-ray showed no respiratory expansion on the right 
side The heart and mediastinum were displaced to the right The left chest 
was normal in appearance and respiratory excursion (Dr Chamberlain) 

March 6, she had otitis media, and March 10, she had an attack of influenza 
March 24, the roentgen ray showed that the right side of the diaphragm 
moved slightly m the same direction as the left side The mediastinum did not 
shift during expiration The right chest was completely collapsed There was 
no aeration of the right lung 

April 27, the vital capacity was 1,250 cc 

May 12, the roentgen ray showed that the right diaphragm moved less than 
the left but in the same direction The right lung was well collapsed The 
mediastinum moved to the light on coughing There was a dense pleural scar 
m the lower right axilla 



Fig 28 (Case 4) — July, 1922, eight months after second operation, showing 
retraction of right chest 

June 2, roentgen ray showed no collapsing spaces (cavities) in the right 
chest There were old scars of the left hilus and lung The right side of the 
diaphragm moved with the left as far as it could be seen 

June 24, she had a subcutaneous tuberculous abscess under the right scapula 
The abscess was aspirated There were no signs of empyema 

The sputum showed tubercle bacilli August 2, September 20, September 30 
and Oct 31, 1921 

The urine was negative The Wassermann reaction was negative 
Additional Notes — The patient is still m the hospital The subcutaneous 
cold abscess which appeared June 24 doubtless came from a breaking through 
of the old empyema, although she has had no other empyemic signs The suc- 
cussion splash disappeared after the first collapsing operation and was last 
heard Sept 28, 1921 (six weeks after the first operation) We thought that the 
continued sputum might be due to a perforation of the old empyema into the 
lung, but repeated examinations with this m view gave no positive evidence 
July 19, 1922, the cold abscess was incised under local anesthesia and about 
100 c c of green pus with thick flakes of fibrin were removed The incision w as 
closed Immediately after closing the incision the patient coughed and the 
abscess refilled, it doubtless communicates wuth the old empyema but not with 
the lung It was irrigated wuth lodin , the patient neither coughed out the lodin 
nor tasted the fumes 
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The cavity is smaller, but still persists A third operation, probably an 
intrapleural direct compression of the cavity, may be undertaken The patient 
IS up, has no fever, and looks and feels much stronger than before operation 
The outcome is doubtful 

Case 5 — Miss B N, student, aged 26, was referred by Dr Phdip King 
Brown to the San Francisco Hospital She was in the hospital from Oct 4, 
1921, to March 16, 1922 

Hist 01 y — The patient lived m the same house with a sister who died of 
tuberculosis twelve years ago She has had a cough off and on for six years, 
which has been incessant for the last three shears, with occasional blood-tinged 
sputum She was in New Mexico for two years and ten months, and in July, 
1920, entered Arequipa, in October, 1920, she was discharged unimproved 

During August and September, 1920, Dr Mentzer made three attempts at 
pneumothorax On the first attempt 100 c c of air went into the neck , on the 
second attempt, 250 c c of air went into the neck, and on the third attempt, all 
the air (250 c c ) went into the neck 



Fig 29 (Case 5) — Before operation Multiple cavities upper left Trachea 
strongly retracted to left and curved at its entrance under the sternum Cal- 
cified areas right 

Her tonsils were removed Oct 2, 1921, before that she had occasional 
attacks of sore throat 

She was admitted to the San Francisco Hospital Oct 4, 1921 

E i aiiiuwitoii The left side moved less than the right There ivere fair 
mo\ements abo\e (second and third intercostal spaces), in an anteroposterior 
direction but the trans^ersc morement was small one half that of the right 
side The trachea entered the sternal notch one-half inch to the left There 
was flatness from the middle of the left scapula downward, and there w'ere 
creaks and rales all o\cr the left side The heart beat was palpable posteriorly 
below the angle of the scapula, at the bottom of a space that gave amphoric 
breathing and a clucking sound synchronous with the hearr beat There 
were crepitations at the right apex (possibly pleural) and a few' fine rales 
after coughing The blood pressure was 112/65 The roentgen ray shoyved dif- 




Fxg 30 (Case 5) — Six weeks after operation Cavities no longer visible 
Trachea straight, but still slightly to left of niidline No scoliosis Peripheral 
stump of first rib is in third interspace 



Fig 31 (Case 5) —Four and three-quarter months after operation March 
21, 1922 Marked scoliosis toward the affected side Trachea is in midline 
Increasing dilatation is noted in right side of chest Stump of first rib is in 
second interspace Central stumps of first, second and third ribs and distal 
stump of first nb are united bi boni callus The left chest, especialh at its 
top, is narrower than in the preiious figure 
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fuse fibrosis on the left side, and considerable infiltration and calcified masses 
at the right top The chest expansion over the lower scapula was 79-77 cm 
= 2 cm , the vital capacity, 1,800 cc 

Treatment — November 1, resection of all the left ribs at the costal angle 
was done The heart Jay beating between the scapula and the posterior axillary 
line, being drawn far toward the back and the left side, the action was stormy 
With the patient on her right side, the second rib lay higher than the first 
The lateral part of the latissimus dorsi was inverted with two or three mattress 
stitches so that its cut edge was under the central stumps of the ribs This 
was done to aid the disloeation of the posterior edge of the scapula forward 
under the posterior stumps of the ribs The patient was returned to bed with 
a thin fleeting pulse and shallow respiration 

The resected ribs measure First rib, 2 5 cm , second, 4 3 cm , third, 8 3 cm , 
fourth, 8 2 cm , fifth, 9 6 cm , sixth, 10 cm , seventh, 10 7 cm , eighth, 8 cm , 
ninth, 8 cm , tenth, 7 5 cm , eleventh, 7 8 cm , twelfth, 3 5 cm The following 
day she had a very rapid pulse, but was better toward evening 

Conise — December 3, the patient had pam in her shoulder when she moved 
her head There was bronchial breathing all over the collapsed side This side 
moved a little in the upper anterior quadrant, but not below The posterior 



Fig 32 (Case 5) — Six months after operation Retraction of left side 
of chest 

edge of the scapula lay considerably in front of and medial to the medial frag- 
ments of the ribs She was allowed to sit up one-half hour a day, which 
caused no increase of sputum Jan 17, 1922, she had otitis media 

February 16 In the posterior axillary line, at about the fifth rib, there was 
amphoric breathing with a few distant moist rales The left lung was well 
collapsed, though part of the cavity probably persisted The patient was 
generally much improved (Clark) 

TABLE 5 — SuMMAR\ OF Data in Case S 


Before opcntlon, No\ 1, I92i 

TVo weelvS offer operation 

December 

Tanunrj, lOSa 

Present 


Tempera- 
ture F 

Pulse 

Respira- 

tion 

Sputum, 

Oc 

Weight, 

Pounds 

93-99 5 occa 

80-100 

25 

28, daily 

116 

sfonally to lOO 
9SC-100 

100-110 

23 

regularly 

10 

7 

930-99 5 

90-100 

25 

5 

108 

97-98 6 

85-110 

30 • 

5-10 

112<115 

Normal 

Normal 

Normal 

About 4 

124 


Dnnc nepatt^c 

red blood cells, 4 500 000 white blood cells, 11,800, poly- 
morphonuclear' /,> per wnt , small lymphocjtcs 15 per cent , large lymphocytes, 10 per cent , 
transitional' 1 per cent , eosinophils 1 per cent . t i 
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February 17, the roentgen ray showed no respiratory excursion of the left 
ribs The left diaphragm moved with the right, but with a markedly dimin- 
ished excursion The right lung was clear, except for calcified small spots 
The mediastinal contents were displaced to the left and did not move even on 
forced respiration (Chamberlain) 

Februarj' 25, fhe patient had a sore throat and headache 
March 16, she was discharged to her home 
Wassermann negative 

The sputum showed tubercle bacilli Nov 1, 1921 Five examinations m July, 
1922, were negative 

Spirometer Before operation, 1,800 c c , after operation, 1 350 c c 
July, 1922 The patient has been up for about six hours a day, has gained 16 
pounds m weight, has good color, and feels strong and well She still has 
about 4 c c of watery sputum a day, which on five examinations contained no 
tubercle bacilli She is proliably cured 

It IS too early to judge of definite results This much, however, 
can be said None of the five patients has been harmed All of them 
have been improved, and their sputum has diminished Three seem 
to be cured 

CONCLUSIONS 

1 Operative collapse of a tuberculous lung is indicated in mainly 
unilateral tuberculosis, when an artificial pneumothorax is indicated but 
cannot be carried out effectively 

2 Chronic fibrous phthisis, with thick pleural deposits and a rigid 
chest wall, offers the most frequent indication 

3 Operation should be decided on only after close observation and 
study of each patient, after repeated consultations with a competent 
internist, and after attempts at compression by means of pneumothorax 
have failed 

4 The procedure of choice is (o) Sauerbruch’s total thoracoplasty , 
or (6) partial pneumothorax with partial thoracoplasty 

5 Operation should be done under local anesthesia 

6 Some patients will be cured by operative collapse after other 
treatment has failed 



QUANTITATIVE STUDIES IN SYPHILIS FROM A 
CLINICAL AND BIOLOGIC POINT OF VIEW 

II NORMAL ARSENIC 

JOHN A FORDYCE, M D , ISADORE ROSEN, M D , 

\ND 

C N MYERS, PhD 

NEW YORK 

In the previous article ^ we described in detail a method of detei min- 
ing quantitatively minute amounts of arsenic m biologic mateiial In 
order that a conclusion not influenced by a normal variation can be 
obtained from this series of analyses, it has been necessary to make 
a study of the possible arsenic content both in patients who are receiv- 
ing and in those who have never had any treatment whatever in which 
arsenic is used as a remedial agent 

The ingestion of foods prepared by artificial processes, fruits which 
may have been sprayed with arsenical solutions, sea food which m some 
localities is contaminated to a large degiee with arsenic, copper, etc, 
candy made from glucose, together with a large variety of other possibil- 
ities of arsenic ingestion, makes it necessary to gam some idea as to 
the “normal” arsenic content among oui patients Gautier and Claus- 
mann - analyzed a variety of food articles, meats, milk, eggs fish, shell- 
fish, vegetables, wines, fiom whose arsenic content they estimate that 
each inhabitant of Paris receives 7 66 mg arsenic per annum in his 
food Water supply and air also contribute to the possibilities of the 
presence of arsenic Breweis quite geneially used glucose, which 
piobably was responsible, for some, at least, of the cases of “arsenuria ” 
Arsenic is also occasionally found in baking soda, glycerin, syrups, 
magnesium sulphate (Epsom salts), sodium sulphate, (Glauber’s salt), 
bismuth subnitrate, and other medicinal products We also have the 

* From the Department of Dermatologj^ and S\ philology and the Depart- 
ment of Biological Chemistr}", College of Physicians and Surgeons, Columbia 
University, New York 

1 Fordyce, J A , Rosen, I and Myers, C N Quaiititatne Studies in 
Syphilis from a Clinical and Biologic Point of View, Am J M Sc 164 
242, 1922 

2 Gautier, A Aisenic dans des eauv de mer, dans le sel gemme, le scl 
de cuisine, les eaux; mmerales, etc Son dosage dans quelque reactifs usuels, 
Compt rend 137 232, 1903 L’arsenic existe-t-il dans tons les organes do 
Teconomie animaU Compt rend 137 295, 1903 Origines alimentaires de 
I’arsenic normal chez riiomme, Compt rend 139 101, 1904 
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famous beer drinkers’ cases in England in 1900 These reports are 
found in articles by Hehner,® Reynolds and the Royal Commission^ 

These brief references to the possibilities of finding arsenic in the 
patients in this locality make it imperative to give some attention to 
the proper control of normal arsenic content 

A short historical reference to the normal arsenic content will clarify 
some of the findings which are obtained when only a casual study 
IS made 

Couerbe ® announced to the French Academy that he had found 
tiaces of arsenic in the putrid bodies of human beings Orfila,® 
Devergie, and others (1838-1840) energetically defended the statement 
that aisenic was a normal constituent of human bones In 1841, Orfila 
and Devergie abandoned their belief in “normal” arsenic as a result 
of the denial of the truth of these views by Flandm and Danger,® as 
well as recognizing as a result of further analyses that their previous 
determinations Avere aftected by error This erior emphasizes the 
necessity for great care in selecting very pure reagents, a fact that has 
been given very considerable thought throughout this entire investiga- 
tion Devergie attributed his findings to the existence of traces of 
arsenic in his reagents and to the great delicacy of the Marsh test 
Oifila legarded it in the light of “history of the so-called normal arsenic 
as an impenetiable mysteiy ” 

The question then lay dormant until 1899 when Gautier ° presented 
a series of papers to the French Academy in which he claimed that 
arsenic is a normal and consistent constituent of the thyroid, mammary 
glands, biain, thymus, hair, skin, milk and bones of man and of herbi- 
vorous and carnivorous animals The amounts present in the various 
organs were given as follows thyroid, 0 76 mg in 100 gm tissue, 
mammary gland, 013 mg m 100 gm tissue, brain, variable quantity, 
or none Tissues from hog, sheep and man were examined In the 

3 Hehner, O Discussion on the Occurrence and Detection of Arsenic 
in Manufactured Products, J Soc Chem Ind 20 189, 1901 

4 Royal Commission The Royal Commission on Arsenical Poisoning, 
Brit M J 2 1483, 1557, 1610, 1903 The Final Report of the Royal Commis- 
sion on Arsenical Poisoning, Lancet 2 1674, 1746, 1903 

5 Couerbe, J P Du cerveau considere sous le point de vue chimique 
et ph} siologigue, Pans, E J Badly et Cie , Reprint from Ann de chim et 
phjs 56 1934, 1834 

6 Orfila, P Trade des poisons tires des regnes mineral, vegetal, et 
animal, on toxicologic generale, consideree sous les rapports de la physiologic, 
de la pathologic et de la medecme legale. Pans, 1852, Labe, 5 de 

/ Flandm, C Trade des poisons, ou toxicologic applique a la medecme 
legale, a la phjsiologie et a la thei apeutique. Pans, Bachelier, 1846-1853 

8 Danger, E P and Flandm, C De la localization des poisons Note 
adrcsee a 1 Academic des sciences en reponse a un article de M Orfila, Pans, 
1844 

9 Gautier, A Sur 1 existence normale de I’arsenic chez les animaux, et 
sa localisation dans certains organes, Compt rend 129 929, 1899 
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normal blood Gautier believes the amount does not exceed 1 50,000,000 
or 0 00000002 gm metallic arsenic Bertrand,^® Schaefer, Pagel,^- 
Knecht and Dearden and Segale (1904) confirmed the results of 
Gautier 

The translator of “Detection of Poisons” by Autenrieth (1921) 
having carefully examined the literature also regarded the subject of 
sufficient importance to discuss it to considerable extent Following 
Gautier’s report to the French Academy, a committee of that body 
examined the existing results and arrived at a conclusion as follows 

Speaking from a medicolegal point of view, I would state that arsenic, 
aside from the thyroid, mammary and thymus glands, never occurs in the 
human body except m the skin, hair, bones, milk and sometimes in the feces 
and then only in traces which are often infinitesimal Excepting the brain, 
the other organs and fluids, especially those forming the bulk of the bodj, 
as muscular tissue, liver, spleen, kidneys, lungs, blood, urine, etc , fail to show 
the slightest trace of arsenic If a chemist therefore examines indi- 

vidually these arsenic-free organs by my method or by one less delicate and 
finds traces, especially appreciable traces, of this metalloid, such arsenic has 
been absorbed during life either medicinally or criminally 


Observer 

Material 

Arsenic Found 

Remarks and Conclusions 

Gautier 

Human and animal 
organs and other 
material 

0 75 mg In ICO gm 
of human thyroid 
gland 

Used SIX glands and assumed 
uniform distribution of arsenic 

Bertrand 

Only animal ma 
terial 

OOlSmg per 100 gm 
of dried sponge 

Concludes arsenic is a normal con 
stituent of protoplasm 

Schaefer 

Human organs 

0 007 mg perlOOgm 
of human thyroid 

Concludes ar'cnio maj occur in all 
organs but found manj free 
from arsenic 

Pagel 

Human and animal 
organs 

Positive but not 
quantitative 

Found testes arsenical but Gau 
tier says thej are not 


On the contrary, several chemists have carefully analyzed human ana 
animal organs, either finding no arsenic or detecting this metalloid in mere 
traces, which are inconstant in occurrence and confined to no special organ 
The table on this page briefly summarizes their results 

The results set forth in this table place “normal arsenic” in a doubtful 
position at least If it is a reality and not a fancy, the quantity of arsenic, 
compared with that obtained in an analysis actually dealing with this metal- 
loid, IS so minute that the toxicologist need feel no concern If he has con- 


10 Bertrand, G Sur I’existence de I’arsenic dans la sene animale, Bull 
de la Soc Chim de Par 27 1233 1902, Compt rend 135 809 1902 Sur 
I’existence de I’arsenic dans Torganisme, Compt rend 134 1434, 1902 Nouyelles 
Recherches sur I’arsenic de I’organisme Presence de ce Metalloide dans la 
Sene Animale, Ann de ITnst Pasteur 17 1, 1903 Sur I’existence de I’arsenic 
dans I’oeuf de la poule, Compt rend 136 1083, 1903 Emploi de la bombe 
calonmetrique pour demontrer I’existence de I’arsenic dans Torganism, Compt 
rend 137 266, 1903 

11 Schaefer, G Recherches sur Texistence normale de Tarsenic dans 
I’organisme humain, Ann chim anal 11-12 52, 97, 1906 

12 Pagel, J L Dissertation, 1900, University of Nancy 

13 Knecht, E, and Dearden, W I The Elimination of Arsenic Through 
the Hair and Its Relation to Arsenical Poisoning, Lancet 1 854, 1901 
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ducted his analysis with every precaution as regards reagents and method 
and obtained a distinct mirror, he may dismiss the “normal arsenic” chimera 
and accept the result as due to arsenic that has entered the body from some 
external source Kunkel has summed up the matter in these words 

“The so-called normal arsenic, if there is such a thing, does not effect the 
results of forensic chemistry, because the so-called normal quantities are so 
exceedingly small (0 01 or even 0 001 mg in an organ) that the quantities 
necessary to furnish a satisfactory forensic proof, which are a hundred or 
even a thousand times greater, must be regarded as an entirely different and 
much higher order of magnitudes” 

In direct contradiction to the results of Gautier, Ziemke^^ obtained 
contradictory results 

In discussing the divergence between his results and those of Gautier, 
Ziemke considers that there can be no error of manipulation or question of 
the purity of reagents in the work of the French toxicologist, because of the 
uniformly negative results which he obtained with organs other than those 
mentioned , and he attributes the difference m the results attained, firstly, 
to the known fact that certain organs take up arsenic more readily and 
retain it more persistently than others, and, secondly, to the fact that m 
Germany, under existing laws, articles of food, condiments, etc , are subject 
to a very strict supervision and that the possibility of the introduction of 
arsenic into the system by this means is very slight, while m other countries 
arsenic is frequently found in articles used in the household and also in 
food products He cites the statement of Shattuck that in the United States 
the urine of many healthy persons contains arsenic, which, according to 
Richter is not the case in Germany This may account for the presence of 
arsenic in the thyroids of man, or even of the dog and hog, but hardly for 
that found in the sheep 

This statement is attributed to Shattuck by many writers, particularly 
among the Germans It is, however, not original with him, but is a quota- 
tion from Putnam (Boston M & S J 122 421, 1890), who states that of 
forty-eight samples of urine collected at random from the outpatients at the 
Massachusetts General Hospital, twenty-one were found to contain traces 
of arsenic Shattuck’s paper is the report of an address favoring the passage 
of legislation in Massachusetts to restrict the use of arsenical pigments m 
the manufacture of wall papers, and Putnam’s observations were apparently 
prompted by the same interest, and although he states that these patients “did 
not present any symptoms which seemed referable to arsenical poisoning,” 
the}'' were certainly not “healthy,” and there is no assurance that they had not 
been exposed to arsenical contamination One of the alternatives suggested 
by Abel and Buttenberg (Ztschr f Hyg 32 478, 1899), in referring to 
Shattuck namely, that “people in America deal carelessly with arsenic,” 
would verj probably have been accepted by both Shattuck and Putnam as a 
more reasonable explanation of the presence of arsenic in these urines, than 
the hypothesis of normal arsenic,” which was not entertained at that time 

There is no irreconcilable contradiction between these apparently incon- 
sistent results from a medicolegal point of view, although there may be from 
that of physiology Gautier s supposition that arsenic is a “normal” ele- 
ment of certain tissue constituents, and plays a part m their functioning, like 
the lodin m the thvroid is clearly negatived if it be shown not to be a 
constant constituent of those tissues That question is one of notable interest 
to the biological chemist but it does not concern the toxicologist to whom 
it IS immaterial whether arsenic found m these minute quantities with great 

14 Ziemke, E Ueber Vorkommen von Arsen in menschlichen Organen 
und semen Hachweis auf biologischem Wege, Viertljschr f ger Med 23 
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frequency m certain organs, not usually submitted to analysis in forensic 
cases, IS normal or of fortuitous origin 

There can be no doubt, however, that arsenic is very widclj distributed 
in nature and is constantly taken into the human economy in very minute 
quantities Gautier has found that sea salt contains from 0001 to 0 045 mg 
arsenic in 100 gm , and rock salt from 0 0025 to 0014 mg Sometimes these 
arsenic values are of such nature as to affect entire communities as when 
the water supply or air contains arsenic Or certain individuals only m a 
community may absorb arsenic from food articles more highly arsenical than 
those referred to above as m the Manchester beer poisonings Several 
investigations in which delicate and direct methods of examination were used, 
and the purity of the chemicals was assured, have shown that the presence 
of arsenic in human urine, in quantities very rarely exceeding 0 1 mg per 
liter, and in the absence of any history of its administration, is by no means 
unusual, at least in Boston and its vicinity, and we hav'C no reason for sup- 
posing that conditions differ there in this regard from what they are in other 
cities m the United States Putnam found arsenic in 30 per cent of 150 
samples of urine examined Sanger detected arsenic m twenty cases, and 
Hills, examining 260 samples from 180 patients, found arsenic in 135 or 75 
per cent In five of these cases Hills found exceptionally as much as from 
0 3 to 0 5 mg per liter In many of the cases the origin of the arsenic was 
traceable to arsenical wall hangings, etc , but in others it could not be 
so accounted for Hills suggests that the very general use of Pans green as an 
insecticide, may have produced an arsenical impregnation of the soil in certain 
localities, from which growing vegetables might become contaminated 

Gautier and Clausmann studied the methods of destroying 
organic matter, and Gautier revised some of the results published 
in 1899 ° and 1903 ® with reference to the quantity of arsenic in normal 
tissues and thinks that the error was due to traces of arsine m the 
hydrogen sulphid which was used for precipitating the arsenic In this 
paper, the results of Gautier’s previous experiments are reviewed in 
relation to the traces of arsenic which had been previously discovered 
in tissues In his former investigations, the quantities of arsenic which 
had been reported were a trifle too large, due to the error which has 
just been mentioned The mention of this fact does not modify 
essentially the first conclusions on normal arsenic, its localization and 
mode of elimination, but has resulted in a revision of the method of 
destruction of tissues used in medicolegal experiments In conclusion, 
Gautier points out that it should be proved beforehand that there are 
no detectable quantities of arsenic in the nitric, sulphuric, and 
hydrochloric acids used 

Bloemendal found that normal urine contained traces of arsenic 
and that traces may be found under normal conditions in the body of 

15 Gautier, A , and Clausmann A New Method for the Destruction of 
Tissues for the Detection of Arsenic and the Examination of Their Ashes 
Compt rend 165 11, 1917 

16 Gautier, A On Normal Arsenic in Living Tissues, and Traces of 
Iodine Found in Air and Water, Compt rend 170 261, 1920 

17 Bloemendal, W H Arsenic m the Animal Organism, Arch Pharm 
246 599, 1909 Arsenical Poisoning in Vine 3 'ards, Brit !M J 2 86 (July 16) 
1921 
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man and animals but that it has no physiologic significance As a 
result of his work he concluded that arsenic does not pass into the 
foetal circulation 

Bang found arsenic m normal urine in twenty-five cases in daily 
amounts up to 0 5 mg Only in three cases was arsenic not found 
The greatest amount of arsenic in the urine was found after a fish 
diet During the use of a vegetable and milk diet, the urine is usually 
free from arsenic 

Klason draws the conclusion that arsenic is a normal constituent 
of the human body Klason examined the urine of a man who had 
never taken arsenic in any form, nor had he suffered from “arsenic 
sickness ” He found that the urine of this man always contained 
arsenic to the extent of from 0 005 to 0 0125 mg per liter Klason 
states that the methods which have hitherto been used for the estimation 
of arsenic in organic secretions are so inexact that the results obtained 
are open to criticism 

McNally investigated the retention of arsenic in two cases in 
which arsenic had been administered The results are expressed in 
grams of arsenous oxid in 100 grams of the tissue In the first case 
the man died four and one-half hours after taking an unknown amount 
of some form of arsenic The amounts are stomach walls, 0 0328 gm , 
stomach contents, 1 1782 gm , liver, 0 0191 gm , small intestine, 0 0176 
gm , large intestine, 0 0345 gm , left kidney, 0 0122 gm , right kidney, 
0 0108 gm , heart, 0 0085 gm , pancreas, 0 0125 gm , lung, 0 0027 gm , 
gallbladder, 0 0055 gm , esophagus, 00224 gm , brain, 0 00026 gm In 
the second case the results are on a patient who died ten days after 
the last dose of an arsenical The death is reported as typical of 
arsenical poisoning The results of examination of tissues for arsenic 
were as follows spinal cord, 0 00275 gm , blood, 0 0066 gm , stomach 
wall, 0 00066 gm , stomach contents, 0 00066 gm , kidney, 0 00211 gm , 
spleen, 000171 gm , liver, 0 00171 gm , urine, 000363 gm 

Generally speaking, conflicting reports, whether positive or negative, 
are usually based on the quotation “if arsenic were a normal constituent, 
there could be no exception, and therefore its presence in the cases m 
which It has been found must be adventitious ” 

_ 18 Bang, I The Amount of Arsenic in Normal Urine, Alim Sv 
Lakarctidn 13 549, 1916 Quantitative Determination of Arsenic in Urine, 
Schweiz Apoth Ztg 55 393, 1917 

19 Klason, P Quantitative Determination of Arsenic in Organic Secre- 
tions and Compounds, Ark Kemi Mm Geol 5 9, 1914 Determination of 
Small Amounts of Arsenic and the Normal Arsenic Content of Urine, Svensk 
Kern Tidskr 28 69, 77-80, Ark Kemi Mm Geol 6 No 6, pp 1-5, 1916 
Quantitative Determination of Arsenic m Organic Secretions and Compounds, 
Ark Kemi Mm Geol 6 1, 1916 

20 McNally, W D Retention of Arsenic m the Organs. I Am Chem 
Soc 39 826, 1917 
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We do not accept nor do we resort to this argument As pointed 
out in the beginning of this article, diet was recognized as a source 
of arsenic and on this basis the history of each patient shows in a 
general manner the nature of the diet consumed Direct personal 
contact with careful records, as given in the data below, has assisted 
us materially in arriving at the results which are contained in this 
article 

The results of investigation can only affirm or cast doubt on the 
presence or absence of arsenic as a normal constituent In order to 
control these factors of food and medication satisfactorily, careful 
histones have been taken on all the patients More detailed discussion 
of each table and its clinical aspect will be found later The discussion 
of the charts will only refer to the normal arsenic aspect of this series 
of articles Control methods have been employed throughout this 
investigation and conclusions are arrived at only after an extensive 
examination of a large group of patients so that the errors due to tlie 
biologic economy are reduced to a minimum A one-patient or a two- 
patient study will add little accurate knowledge with a wide application 
to others The composition of some of the drugs used by the patients 
has been investigated in relation to the arsenic content , likewise glucose, 
a common article of food m beverages, delicatessen products, ice creams, 
candy, and bakery products, was examined The latter proved inter- 
esting in its application to a few patients who, it was presumed, weie 
on a sugar-free diet Three samples of glucose were examined for 
arsenic and it was found that only the purest preparation was free 
of arsenic Sample 2 contained 0 778 mg arsenic per hundred grams, 
and sample 3 contained 0 10 mg arsenic per hundred grams These 
figures found ready application to a senes of patients using food 
products contaimng glucose syrups and bakery supplies as well as to 
candy eaters who indulged to a considerable extent Glycerol, a con- 
stituent of some rhubarb and soda, is another important product to 
be considered The other drugs will be noted in a table showing the 
remedies used 

RESULTS OF EXAMINATION 

Noiinal Hair — Hair from twenty-one persons, fifteen men and six 
women, was examined for arsenic In nine specimens no arsenic was 
detected , in twelve arsenic in amounts varying from 0 052 to 10 6 mg 
was found In the cases shoAvmg the smaller quantities no defimte data 
were obtainable to determine the source of the arsenic, that is, whether 
any preparation had been employed on the scalp or whether ingestion, 
en\ ironment, occupation, etc , were responsible 
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Specimens 1722 and 1723 were from husband and wife, the larger 
amount being from the latter Investigation proved that both were using 
a hair tome in which arsenic was a contamination of one of the ingredi- 
ents The blood and urine m these cases were arsenic fiee 


TABLE 1 — Arsenic in Normal Hair 


Patient 

Serial 

No 

Weight of 
Specimen, 

Dry 

Arsenic in Mg 
per 100 Gm of 
Specimen 

Patient 

Serial 

No 

Weight of 
Specimen, 

Dry 

Arsenic in Mg 
per 100 Gm of 
Specimen 

1612 

13427 

0 992 

1723 

01944 

3 08 

1629 

SOSOS 

None 

1627 

0 4634 

None 

1614 

2 5777 

None 

1610 

16476 

10 6 

1720 

0 8428 

0 0393 

1628 

17961 

0 280 

1630 

0 5541 

None 

1495 

11003 

None 

1725 

0 7362 

None 

1626 

0 6561 

None 

1721 

1 9112 

0 0523 

1613 

3 1559 

0 950 

1611 

1 7902 

None 

1731 

0 2993 

0166 

1496 

17685 

0 452 

1783 

16400 

0180 

1497 

05500 

None 

1816 

15984 

0 063 

1722 

12427 

2 14 





Specimen 1610, with 10 6 mg arsenic, can be traced directly to 
contact with arsenic, this hair being obtained from one of the chief 
chemists of a large drug manufacturing concern whose work was 
largely connected with the arsemcals Specimens 1496, 1612, 1613, 
1628 and 1731 were also from persons who handle arsemcals These 
people all had a thorough shampoo before the hair was obtained so that 
no mechanical contamination was lesponsible for the presence of 
arsenic 

Generally speaking, the hair may contain very small quantities of 
arsenic but it is questionable if it will be found in more than 50 per cent 
of persons unless medication plays an important part 


TABLE 2 — Arsenic in Normal Human Milk 


Patient 
Serial No 

Weight of Specimen 

Percentage 

Arsenic in Mg per 

Moist 

Ihry 

bulJub 

Specimen 

1654 

1656 

1648 

1650 

1652 

1657 

1659 

1655 

1660 

1658 

1651 

1662 

1653 

1649 

1661 

6 4550 

6 9065 

4 4997 

5 8792 

6 6156 

6 4643 

0 2585 

51438 

6 2221 

3 2825 

7 4238 

4 8614 

5 3512 

5 3938 

4 4750 

0 7798 

0 9313 

0 5531 

0 9025 

0 9261 

0 9152 

0 7312 

0 5346 

0 8489 

0 3650 

0 9491 

0 4982 

06885 

16880 

0 5519 

12 08 

13 48 

12 31 

15 35 

13 99 

14 18 

1168 

10 39 

13 64 

11 11 

12 78 

10 24 

12 86 

10 91 

12 33 

None 

None 

None 

None 

None 

None 

None 

09 

06 

None 

None 

None 

None 

None 

None 


Human Milk It has been shown by several investigators that 
arsenic when taken in large doses may be secreted in milk The milk 
examined in this study was obtained from fifteen nursing mothers in a 
maternity hospital They were all healthy women on a mixed hospital 
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diet of meat, vegetables, cereals and the usual fluids In thirteen cases 
no arsenic was demonstrable, in two cases (Nos 1655 and 1660) it 
was present in amounts of 0 9 and 0 6 mg , respectively An attempt to 
determine whether these patients had been taking tonics containing 
arsenic was unsuccessful 


RESULTS OF EXAMINATION 

Noj mal Ui me — These specimens were obtained from persons who 
denied syphilis or the use of any arsenicals Eighteen specimens were 
examined, from sixteen men, fifteen white and one black, and two 
women, one white and one black The ages of these persons varied 
from 16 to 68 years As to occupation two were chemists, two were 
students, one was a pharmacist and thirteen were not engaged in an) 
particular line of work 

TABLE 3 — Arsenic in Normal Urine 


Patient 

Serial 

No 

Weight of Specimen 

Percentage 

Solids 

Specific 

Gravity 

Arsenic in Mg per 100 Gin 
of Specimen 

Moist 

Dry 

.. . 

Moist 

Dry 

1480 

29 9762 

0 5987 

1 99 

1 015 

0 00556 

0 278 

1131 

32 3625 

0 9525 

2 94 

1018 

0 525 

17 8 

1435 

32 0655 

1 2091 

3 77 

1 022 

None 

None 

1140 

35 01 

0 749 

214 

1012 

None 

None 

1135 

33 243 

16721 

5 03 

1 126 

0 0525 

104 

1438 

32 2200 

12136 

3 76 

1 028 

0 00031 

0 247 

1437 

32 2435 

1 6931 

5 25 

1031 

0 049 

0 915 

1310 

34 3300 

0 8793 

2 55 

1016 

0 00875 

0 34 

1481 

SO 9418 

1 7116 

6 53 

1037 

0172 

311 

1200 

32 0055 

1 4783 

4 61 

1028 

0 00311 

0 067 

1204 

3134 

0 6215 

200 

1015 

0 01064 

0 535 

1205 

31 7006 

1 2056 

380 

1026 

None 

None 

1482 

30 9060 

1 2838 

4 15 


None 

None 

1303 

13 1725 

1 4008 

4 42 

1021 

0 0129 

0290 

1478 

29 7205 

0 8481 

285 

1020 

0 0448 

1 57 

1477 

30 6655 

1 1484 

3 74 

1025 

None 

None 

1479 

32 9219 

1 7238 

5 23 

1030 

None 

None 

1215 

32 2435 

11044 

3 43 

1020 

0 0036 


1214 

32 4375 

0 5003 

154 

1010 

00030G 

019 


Clinical investigation showed that fourteen of these patients were in 
normal health, that three were tertiary syphilitics and one a primary 
syphilitic The tertiary syphilis patients were apparently truthful in 
stating that they had received no arsenical treatment, for arsenic was 
not present in appreciable amounts in their urine The primary syphilis 
patient, a young man, aged 21, weighing 115 pounds, admitted exposure 
four weeks previously and was found to have a chancre on the shaft 
of the penis behind the corona, in which treponemas were demonstrated 
by the dark field examination His Wassermann reaction was negatne 
His diet consisted of fish once a week, red meats on the other six da)s, 
potatoes twice daily, with other vegetables, eggs and milk in modera- 
tion, candy and pastry occasionally His urine on analysis showed 
178 mg of metallic arsenic From this large amount we can only 
infer that the patient deliberately wnthheld the truth regarding pre\ lous 
treatment for his infection and that he must liaie recened an intra- 















748 


ARCHIVES OF INTERNAL MEDICINE 


venous injection of one of the arsenicals elsewhere before coming to 
our clinic The presence of so great an amount could be accounted 
for only in this way 

Three positive results (Nos 1481, 1437 and 1135), the quantities 
of arsenic varying from 0 67 to 311 mg, can be accounted for on 
dietary grounds This was nicely illustrated in two cases (Nos 1481 
and 1478), two youths, who when the specimens were taken denied 
having eaten candy or other sweets When confronted with the results 
of the examination, however, they both admitted having eaten unusually 
large amounts of candy for several days prior to the tests Candy is 
made largely from glucose which contains varying amounts of arsenic, 
depending on the quality 


TABLE 4 — ^Arsenic in Normal Urine 


Patient 

Serial 

No 

Weight of Specimen 

Percentage 

Solids 

Specific 

Gravity 

Arsenic in Mg per 100 Gm 
of Specimen 

iloist 

Dry 

Moist 

Dry 

1198 

32 15 

0 2986 

0 92 

1010 

000155 

016 

1300 

310065 

1 4230 

458 

1023 

None 

None 

1212 

82 8334 

1 3572 

414 

1 022 

0 0031 

0 73 

1311 

35 6495 

13140 

368 

1017 

0 042 

44 

1312 

312630 

12765 

4 08 

1021 

0 048 

11 

130“ 

313400 

14810 

4 75 

1023 

0 0032 

0 067 

1301 

30 6655 

1 2790 

4 17 

1 031 

0 0065 

015 

1309 

29 7205 

1 1965 

402 

1021 

0 027 

0 669 

1132 

34 06 

1 552 

4 56 

1027 

0 00293 

0064 

1302 

35 2982 

0 6007 

1 701 

1011 

None 

None 

1317 

12 9700 

' 0 2161 

' 166 


0123 

1 39 

1195 

32 883 

1 5658 

4 79 

1028 

0 0121 

0 255 

1197 

32 0337 

2 0312 

6 34 

1 033 

None 

None 

1210 

30 9785 

1 4885 

4 81 

1 023 

0 0193 

0 403 

1301 

31 9271 1 

0 5466 

171 

1012 

0 0016 

0 0929 

1134 

32 4375 

2 0249 

6 21 

1031 

0 00154 

0 024 

1303 

35 330 

1 3527 

3 82 

1026 

OlOO 

25 

1136 

30 9418 

1,0695 

3 46 

1 921 

0 00161 

0 0467 

1202 

31 6773 

2 2397 

7 07 

I 038 

0 0526 I 

0 744 

1190 

32 7995 

0 8421 

2 59 

1 021 

None 1 

None 

1203 

31 3858 

0 7203 

2 29 

1015 

0 4246 

18 5 

1322 

32 2435 

13005 

4 05 

1027 

1 

None 

1 

None 


Nominal Uiine and Blood — In this series of nineteen cases a com- 
parison was made of the amounts of arsenic found in urine and blood 
taken simultaneously 

There were thirteen men — eleven white, two black— and six women 
— four white and two black Their ages ranged from 20 to 55 years 
Occupations included four houseworkers, a machinist, an actor, a 
dressmaker, a shipping clerk, a chauffeur, a tailor, an elevater operator 
Five subjects had no occupation 

These patients were selected in the skin clinic after affirming that 
they had taken no drugs or medicine of any description This point 
was especially emphasized as subjects admitting medication were placed 
in another group The untrustworthiness of patients’ statements, how- 
o\er, is demonstrated in some of the results charted 
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The clinical classification is as follows Ten cases of tertiary 
syphilis with a positive Wassermann only , one case each of early 
secondary syphilis, seborrhoeic dermatitis, chromophytosis, pityriasis 
rosea, sycosis vulgaris, alopecia areata and mucous cysts of the mouth 
In the case of secondary syphilis, a white woman, aged 30, dress- 
maker, there was a generalized circulate papular eruption with leuko- 
derma colli, alopecia of the eyebrows and a generalized adenopathy 


TABLE 5 — Ausfnic in Normal Blood 


Patient 

Serial 

ho 

Weight of Specimen 

Percentage 

Solids 

Arsenic in Mg per 100 Gm 
of Specimen 

Moist 

Dry 

Moist 

Drj 

1247 

6 7625 

1 0580 

28 82 

0 00809 

OO^Ol 

1284 

01300 


22 32 

0 050 

0 21 

1328 

4 7420 

1 2222 

25 77 

1 


1289 

0 0801 


21 40 

0 0050 

0506 

1290 

4 0512 


OO p/> 

0 425 

212 

1285 

6 282 

1 3838 

20 20 

0 943 

30 

1099 

6 3218 


2217 

None 

hone 

1288 

6 9690 

16707 

28 00 

None 

None 

1287 

0 311 

1 632 

2-128 

Trace ’ 

Trace 

1194 

6 8835 

1 4980 

25 47 

0 41 

1 0 

1241 

4 3480 

11421 

20 20 

0 209 

102 

1245 

5 9133 

1 5125 

25 68 

0 0109 

0 060 

1280 

5 308 

1 0405 

19 39 

0185 

090 

1103 

91200 

2 3902 

20 20 

0 022 

0 009 

1291 

6 081 

1 4402 

<'8 32 

0 039 

0138 

1105 

0 8352 

1 3910 

2035 

! None t 

None 

1192 

5 853 

12173 

20 80 

None 

None 

1240 

5 4072 

1 2920 

23 05 

^ono 1 

None 

1175 

5 4075 

1,2182 

22 33 

0185 

0 82 

1334 


0 9294 

20 70 

0 025 

0 107 


She gave no history of exposure, no evidence of chancre was present, 
and she denied having had any antecedent treatment She was on a 
meat-free diet, eating fruit and vegetables in large quantity Her blood 
showed 16 mg arsenic and her mine 0255 mg These amounts are 
excessive and immediately raise the question as to the accuracy of 
her statement regarding treatment 

Then ten cases of tertiary syphilitics included in Tables 4 and 5 
gave the following analysis 


TABLE 6 — Arscnic in Blood and Urinc or Ten Tertiary Syphilitics 


No 

Arsenic in 
Blood, 
Mg 

Arsenic in 
Urine, 

Mg 

‘Source 

1 

None 

0 744 

Probably dletnr\ 

2 

None 

0 04 

Probably dietart 

3 

003 

016 

Probably dietary 

4 

0107 

None 

Probably dictnrj 

5 

0 069 

0 024 

Probablj dietary 

6 

0138 

25 

Probably arsenical medication 


0 060 

0 403 

Probably dietary 

8 

, 08 

1 18 5 

This patient tindoubtcdly rccciycd arsenical treatment 

9 

09 

i 

0 009 

1 

Patient was on miycd diet, using large quantities of sneets 
and sugar daily 

10 

102 

None 

Probably dietary 









TABLE 7 — Arsenic in Normal Blood* 
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locution ot nbovc dlscn^cs Scalp, 2 ciisos, fnco, 11, neck, 2, chest, 2, tnink, 3, spine, 1, upper o\trcmity, 0, hands, 9 lower extremity, 0, Icct, 1, t,cncrnl, 8 
• Tahlm 7 and 8 contain tlie detailed analyses showing tlie disease, duration of disease, amount of arsenic found, with remarks as to the possible c lusc of tlio 
prosciiK of arsenic Findings In patients having no arsenic in their blood are arranged in that order In the second part of tlio table For t\ampl<, patient 190-1 
liad no arsdilt In tlic blood, liad acne Indiirnta for four years, etc Patient 1935 had time of three weeks’ duration with only a trace of arsenic, probably of dietary 
origin 'nie results in portion A of each table are amplillcd by those in portion B in the order of m ignitudo in which the arsenic in found 
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The patient with seborrhoeic dermatitis had 0 21 mg arsenic in 
the blood and none m the urine, the one with sycosis vulgaris was 
negative in both blood and urine, the case of alopecia areata showed a 
trace in the blood and 1 39 mg in the urine , chromophytosis, 0 306 
mg in the blood and 0 067 mg in the urine , pityriasis rosea, 3 60 mg 
in the blood and 0 669 mg in the urine, and the patient with mucous 
cysts 111 the mouth had 2 12 mg in the blood and 0 15 mg in the urine 
The last named was probably taking arsenic internally In the case of 
pityriasis rosea the only explanation we could find was that of absorp- 
tion from various ointments which the patient had applied locally 
The source of the arsenic in alopecia areata and chromophytosis was 
either dietetic or medicinal 

The remaining two patients in this group came for a blood test 
One was negative in both blood and urine the other had 0 73 mg in 
his urine , his blood was lost , dietetics or medication would account for 
his excess 

Normal Blood — At the outset of this research we did not appreciate 
the difficulty of obtaining normal blood from absolutely normal persons 
Our primal}- purpose was to obtain such specimens from groups of 
people, for example, m certain industries, but owing to lack of oppor- 
tunity this procedure was not found feasible Therefore, recourse was 
had to patients coming to the dermatologic department for minor affec- 
tions of the skin A special effort was made in the selection so that this 
series repiesents patients who came to the clinic for the first time and 
in whom we could exclude syphilis and, therefore, eliminate the possi- 
bility of their having received any arsenical medication 

Our analysis brought out the following facts 55 cases 41 men — 
32 white, 9 black, 14 women — 10 white, 4 black Ages ranged from 
15 to 59 years Occupations none, 16, chauffeur, 2, sailor, 1, house- 
worker, 10 , electncian, 1 , waitress, 1 , carpenter, 1 , tailor, 5 , laborer, 2 , 
student, 3 , shoemaker, 1 , porter, 3 , clerks, 4, teacher, 1 , laundryman, 1 , 
painter, 1 , mechanic, 1 , business man, 1 

Noimal Blood This group comprises clinic patients, most of them 
being old dermatologic cases, syphilitic cases who claimed they had 
had no previous treatment containing arsenic in any form and patients 
who came simply for a Wassermann examination of their blood 

Se^ ent 3 '-eight specimens were obtained from forty-one men — 32 
white and 9 black— and thirty-seven women— 31 white and 6 black 
Their ages ranged from 15 to 59 }ears Their occupations were given 
as follows None, 25 , housework, 24 , chauffeur, 1 , waiter, 9 , laborer, 
1 , furrier, 1 , letter carrier, 1 , printer, 1 , collector, 1 , sailor, 1 , candy 
manufacturer, 1 , student, 1 , gelatin worker, 1 , tailor, 5 , shipping clerk, 
1 , office V orkers, 3 , bookbinder, 1 
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Location of diseases enumerated in Table 8 Face and head, 12 , 
neck, 2, mouth, 2, chest, 4, trunk, 4, upper extremit}, 2, hands, 4, 
lower extremity, 3, genitals, 2, eye, 3, nervous sjstem, 1 , general, H , 
no external lesions, 28 

The data in these cases are summarized in Table 8 

In view of the fact that arsenic was present in so many of the cases 
under external or internal treatment, we can only assume that it was 
due to retention when ingested or absorption through the skin when 
applied locally Arsenic, as is well known, has a cumulatn^e effect and 
many of these patients had been using these drugs ov’^er a long period 
In persons with a diseased skin, absorption is, of couise, more active 
This has been illustrated a number of times in patients with epitheliomas 
who developed multiple neuritis after treatment with aisenical paste 
and died from arsenical poisoning 

The tables show the composite results of analysis together with a 
chemical interpretation of each table In order to control these results 
the specimens were obtained under uniform conditions and anal} zed as 
described in a preceding paper 

Blood was obtained m sterile Wasseimann tubes and weighed as 
soon as possible after being taken so that as much evapoi ation as possi- 
ble was eliminated The percentage of solids was obtained by evapora- 
tion on the water bath and then in the hot air oven at HOC to constant 
weight 

The urine was collected by the patient with no control as to the 
amounts of liquid ingested The specimen was weighed as a liquid, 
then evaporated on the water bath and to constant weight in the hot air 
oven Specific gravity determinations were made at 25 C 

In order to control the possibilities of arsenic contamination, the 
needles used for taking the blood were sterilized in the usual, routine 
manner The needles were then washed foicibly with a syringe and 
distilled water The water was analyzed for arsenic Four samples 
showed none, one sample contained a trace, three samples contained a 
half part, and one sample contained six parts These amounts were so 
small, with one exception, that they would in no way offer an explana- 
tion of any arsenic found m normal blood In Table 6 all the speci- 
mens analyzed were obtained by the use of thoroughly cleaned, new 
needles 

Analysis of the rhubarb and soda mixture show ed that it contained 
0 0613 mg arsenic per hundred grams of drug The calamine lotion 
analyses were as follows solids, 1/ 09, 1/ 99, 16 58 and 18 12 per cent 
respectively, and the corresponding arsenic content per hundred grams 



TABLE 8 — Arsenic in Normal Blood 
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was 0 4929, 0 7742, 0 8051, and 0 7774 mg metallic arsenic, respec- 
tively The variations are probably due to different degrees of 
suspension 

Sulphur ointments showed one sample with a trace of arsenic and 
the other with 0 3141 mg arsenic per hundred grams Analyses of 
lotio alba showed that arsenic in amounts of 0 361 and 0 561 mg was 
found in specimens which weie being used in the clinic Ichthyol also 
contained arsenic to the extent of 0 334 mg per hundred grams of 
drug 

SUMMARY 

As a result of the examination of the blood, urine, hair and milk 
from about 200 subjects we can conservatively state that arsenic is 
found “normally” in a large number of persons, depending on the char- 
acter of their food, drink, medication and environment It is absent in 
persons on a diet restricted in the amount of sweets, vegetables, meat, 
etc , and it is present in varying amounts in persons applying remedies 
containing ingredients contaminated with arsenic to inflamed or ulcer- 
ating skin surfaces, and to a greater extent in persons receiving arsenic 
either by mouth or intravenously or connected with the arsenicals in 
a piepaiative way 

“Normal” is interpreted as meaning the result found when a large 
number of persons are examined Tables 1 to 7 show that it is not 
necessary foi every person to show a positive test at all times These 
tables show to some extent that all drugs and foods are contributing 
factois in the detection of arsenic m human beings, depending, of 
course, on the method of manufacture and the preparation of the food 
Aisenic is also secreted in the milk and is found in hair and skin tissue 

It was difficult to obtain specimens from a large number of normal 
persons in whom we could control absolutely the character of their 
diet In the few who could be relied on the analyses showed quite 
definitely the absence of the drug where an arsenic-free diet had been 
carried out Most of our specimens were from patients with the various 
common skin diseases such as eczema, urticaria, psoriasis, acne, etc 
In some of these patients disordered metabolism is a contributing factor 
and a possible cause for the variations in the amounts of arsenic found 

Consideration of the results in the tables shows that a complete his- 
tory of the subject is necessary before arriving at a decision regarding 
the arsenic content of the urine, blood or even of the organs In the 
determination of the amount found “normally” in the body fluids the 
ideal way would be to hospitalize the subject in order to regulate the 
nature and amount of food ingested and to check up false statements 
regarding medication Consideration of the “normal” arsenic is neces- 
sary from a medicolegal point of view This investigation shows that 
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It may be a normal constituent of the bod} under the conditions studied 
and that excessive amounts should alwa3s be considered with suspicion 
in patients who present themselves for examination and medication 

21 The following references also bear on this subject 
Ayres, Jr , S Scleroderma as a Possible Manifestation of Chronic \rscnic 
Poisoning, Arch Dermat & Syph 2 747 (Dec ) 1920 
Effront, J Acquired Tolerance of Beer Yeast for Arsenic, Mechanism of 
the Acquired Tolerance of Micro-Organisms for Toxic Substances 
Reunion soc beige biol , 1920, p 99, Ph>siol Abstr 5 437, 1920 
Gautier, A Localisation, elimination, et ongines de Tarscnic chcz Ics 
animaux, Compt rend 130 284, 1900 La fonction menstruelle et Ic rut 
des animaux Role de I’arsenic dans I’economie, Compt rend 131 361 
1900 L’arsenic existe normaiement chez les animaux et se localise 
surtout dans leurs organes ectodermiques, Compt rend 134 1394, 1902 
A propos de la Note de M G Bertrand, presente les obser\ations 
suivantes, Compt rend 135 812, 1902 
Foreign Letters Hydrogen Arsenic Poisoning in Submarines, JAMA 
73 1148 (Oct 11) 1919 Government Control of Antisyphilitic Arseiucals, 
J A M A 78 595 (Feb 28) 1922 

Kohn-Abrest, E , and Bouligaud Accidental Presence of Arsenic, in 1916, 
in Chemical Products and in Some Foods, Ann chim anal 22 85, 107, 
128, 1917 

Niven, J Report to the Hospitals Subcommittee of the Manchester Sani- 
tary Committee of the Outbreak of Arsenical Poisoning Now in Progress 
in Manchester, Lancet 2 1752, 1900 The Beer Poisoning Epidemic, 
Lancet 1 570, 1901 

Shattuck, F C Some Remarks on Arsenical Poisoning with Special Ref- 
erence to Its Domestic Sources, Med News 62 589, 1893 



URICACIDEMIA 

BASED ON A STUDY OF 1,500 BLOOD CHEMICAL ANALYSES* 
HENRY M FEINBLATT, MD 

BROOKLYN 

Research m blood chemistry and its clinical application has been 
almost entirely an American achievement When it is recalled that tins 
whole subject is now only in its infancy, the widespread use of blood 
chemical analyses is quite remarkable Ten years ago accurate clinical 
methods for the determination of blood urea, uric acid, and creatinm 
were practically unknown Closely following the invention of suitable 
technical procedure, many conclusions have been stated and reiterated 
as to the sigmficauce of high blood concentration of these substances 
Some of them are based on slow, painstaking scientific work , others are 
largely the result of ingenious surmises supported by cases selected to 
prove the point 

This paper deals with the interpretation of high uric acid figures in 
the blood Before 1912 there had been practically no work on this 
theme The fact that in gout there was an excess of uric acid in the 
blood, which could be revealed by Garrod's string test, just about com- 
prised our knowledge at that time 

Folin and Denis,^ in 1912, opened this whole field when they 
described a convenient and accurate method for the determination of 
the uric acid of the blood Later they observed that in gout, lead 
poisoning and leukemia, high blood concentration figures are apt to be 
found They ^ emphasized the absence of relationship between the 
amount of uric acid and that of total nonprotein nitrogen (or urea 
nitrogen) in the blood 

An analysis made by me ^ of twenty-nine cases of uremia showed 
this lack of parallelism very strikingly Thus two patients, each with 
375 mg of urea nitrogen per 100 cc, gave uric acid readings of 35 7 
and 5. respective^ In that series, unc acid was invariably increased, 
but there was an absence of proportion in the retention figures 

’*■ From the Clinical Laborator}', Department of Internal Medicine, Long 
Island College Hospital 

1 Folin, O , and Denis, W A New (Colorimetric) Method for the Deter- 
mination of Uric Acid m Blood, J Biol Qiem 13 469 (Nov 30) 1912 

2 Folin, O , and Denis, W Protein Metabolism from the Standpoint of 
Blood and Tissue Analysis, J Biol Chem 14 29, 1913 

3 Feinblatt, H M Uremia An Analysis of Twenty-Nine Cases, New 
York M J , awaiting publication 
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Folin and Denis * in 1915 stressed the necessity of correlating all 
uric acid readings with those of the total nonprotein nitrogen (or urea 
nitrogen) They divided bloods into four classes (1) those ^\lth 
retention of uric acid alone, (2) those with retention of the total non- 
protein nitrogen but not of uric acid, (3) those with retention of both, 
and (4) those with retention of neither They pointed out that in gout 
the uric acid alone is apt to be increased, while in nongouty arthritis 
both substances are usually retained 

The capriciousness of uric acid was later noted by Pratt in his 
studies on gout In sixteen gouty patients he found no relation between 
the degree of retention of uric acid and the severity of the symptoms , 
and in two subjects with marked uratic tophi the blood values were 
within normal limits 

Myers, Fine and Lough ® were impressed with the value of uric acid 
retention as an early sign of chronic interstitial nephritis They 
reported thirty selected cases with high uric acid figures and no, or only 
moderate, retention of urea, which appeared to be cases of early chronic 
interstitial nephritis 

Chace and Myers ^ stated their opinion as follows “An increase 
in the uric acid of the blood would appear to be of considerable value 
as an early diagnostic sign of incipient nephritis “ In their tables most 
of the cases showed concurrent retention of urea, some even of creatinin 
They certainly could not be considered as instances of specific retention 
of uric acid Furthermore, the use of selected cases instead of routine 
series greatly limits the value of the work as a scientific contribution 

The questions immediately arise Granted that uric acid retention 
may occur in early chronic interstitial nephritis, how uniformly does 
this happen^ Is retention of uric acid peculiar to chronic interstitial 
nephritis, or, if it does occur in other conditions, can the latter be 
differentiated readily^ These questions must be answ^ered definitely 
before one can safely interpret uricacidemia as an evidence of nephritis 

Baumann ® and others, in 1919, reported high uric acid readings in 
74 per cent of 100 cases of early nephritis The study w'as largely 

4 Fohn, O , and Denis, W The Diagnostic Value of Unc Acid Determina- 
tion in Blood, Arch Int Med 16 33 (July) 1915 

5 Pratt, J H The Uric Acid in Blood in Gout, Am J Sc 151 92 
(Jan) 1916 

6 Myers, V C Fine, M S , and Lough, W G The Significance of the 
Unc Acid, Urea and Creatinin of the Blood in Nephritis, Arch Int Med 17 
570 (April) 1916 

7 Chace, A F, and M)ers, V C The Value of Recent Laboratory Tests 
m the Diagnosis and Treatment of Nephritis, J A A1 A 67 929 (Sept 23) 1916 

8 Baumann, L , Hansmann, G H , Davis, A C, and Steicns, F A 
The Unc Acid Content of Blood Compared wntli the Renal Dietarj Test, \rch 
Int Med 21 70 (July) 1919 
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limited to instances of nephritis and arteriosclerosis High urea figures 
were frequently associated 

The obstetncian has utilized uric acid determinations for diagnostic 
purposes Williams,® in 1921, demonstrated that in eclampsia, pre- 
eclamptic toxemia, and toxic hyperemesis gravidarum, retention of only 
uric acid is the rule With delivery and recovery from the symptoms 
the blood value returns to normal 

Chauffard attributes a common origin to gout and nephrolithiasis 
He found uric acid retention to be the rule in both conditions In 
three dogs he obtained much higher uric acid readings from the portal 
vein than from the peripheral veins He ascribes uncadidemia prin- 
cipally to a loss of the uricolytic function of the liver 

Perroncito likewise showed that after removal of the liver the 
blood uric acid rapidly rose while the urea values fell abruptly These 
observations would suggest that uric acid is not very readily eliminated 
even by the undamaged kidney and that high blood concentration often 
results from diminution of the uricolytic function of the liver 

TECHNIC 

The blood was drawn before breakfast on the day following that 
of admission These patients were not kept on a purm free diet At 
one time it was considered essential to make the determination only 
after the patient had been subjected to a purm free diet for a period 
of two weeks Denis’^® studies showed that this is not necessary She 
observed that in normal men there is no increase in the blood unc acid 
values even after the ingestion of large amounts of purms 

The technic employed was that of Folin 

MATERIAL STUDIED 

Out of 1,500 blood chemical analyses taken in the wards of the 
Long Island College Hospital, there were separated all of those cases, 
regardless of diagnosis, which conformed to the following specifications 
Uric acid, 3 5 mg per 100 cc or more, urea nitrogen, 20 mg per 100 
c c or less , creatinin, 2 mg per 100 c c or less Blood chemical analyses 
Mere made in medical cases as a matter of routine This scheme of 
mechanical winnowing must obviously yield results which are entirely 

9 Williams, J L Increased Amount of Uric Acid in Blood in Toxemias 
of Pregnancj, J A M A 76 1297 (Maj 7) 1921 

10 Chauffard, A Brodm, P , and Grigaut, A L’Hyperuriceme dans la 
Goutte et dans la Graielle, Presse med 28 905 (Dec IS) 1920 

11 Perroncito, A Extirpation of In er, Riforma med 36 830 (Sept 11) 1920 

12 Denis, W Effect of Ingested Purins on Uric Acid Content of Blood, 
J Biol Chem 23 14/ (Nov ) 1915 

13 Folin, O A Laboratorj Manual of Biological Chemistry, 1919, p 193 
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free from prejudices Because of the large number of cases con- 
sidered, the findings may be considered as fairly representative, subject, 
of course, to any special types of patients treated at this institution 
There was no selection of cases This system of mechanical winnowing 
was utilized in the study of creatminemia which condition, thus 
investigated, proved to be associated with grave renal insufficiency in 
100 per cent of instances 

The data on all of the uricacidemic patients are tabulated in Table 1 

Out of 1,500 routine analyses, forty-seven patients exhibited uric- 
acidemia without concurrent retention of urea or creatinm From a 
glance at Table 1 it becomes appaient that this finding may be piesent 
in many and varied conditions 

Table 2 summarizes the diagnosis in these forty-seven cases 

TABLE 2 — Summary of Clinical Diagnoses in Forty-Seven 
Uricacidemic Subjects 


Diagnosis No Cases 

Benign hypertension 5 

Chronic cholecystitis i 

Duodenal ulcer 2 

Chronic glomerular nephritis 2 

Illuminating gas poisoning 2 

Lethargic encephalitis 2 

Cerebral thrombosis 2 

Miscellaneous conditions (occurring only once) 2S 


Because of the often expressed view that uric acid retention is to 
be considered as an evidence of nephritis, this series of cases was 
studied with especial care as to other signs of renal lesions The urine, 
the renal test meal, the phenolsulphonephthalein test, the blood pressure 
and the eyegrounds were among the other avenues of approach Thus 
studied, two of the cases were diagnosed as chronic glomerular nephritis, 
five as benign hypertension (probably associated with arteriosclerosis of 
the vasa aiferentia to the renal glomeruli), and one as pyelonephrosis 
The remaining thirty-nine cases were not considered as belonging to the 
kidney group 

Altogether, thirty of the forty-seven patients revealed none of the 
signs of renal disease, although these were systematically looked for 
In seventeen cases there were present some of the evidences pointing 
to the kidney, but in nine of these the evidence was considered insuffi- 
cient to justify the diagnosis of a nephropathy 

The multiplicity of conditions in which uricacidemia may eventuate 
should indicate that this finding must be interpreted with considerable 

14 The cases treated at the Long Island College Hospital are fairly repre- 
sentative in type 

15 Feinblatt, H M Creatminemia Based upon a Study of 1,500 Blood 
Chemical Analyses, Am J M Sc , awaiting publication 
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caution To base a diagnosis of chronic interstitial nephritis merely 
on uric acid retention appears to be altogether unwarranted 

In a recent Harvey lecture, Folm took a very conservative stand 
on the subject of uricacidemia He said 

A very important point yet to be solved is the question -whether the kidneys 
are or are not selective with reference to the excretion of the nitrogenous 
waste products Are the kidneys of those who have or are going to have gout 
damaged specifically with reference to their power of eliminating uric acid? 
That IS too fundamental a problem to permit any ill founded dogmatism It 
certainly is true that in those who have gout one is likely to find abnormally 
high unc acid accompanied by a perfectly normal level for all the other nitrog- 
enous constituents Whereas, in nephritis we may have very high levels of 
nitrogen retention and substantially normal uric acid values I hesitate to 
say anything very definite on this whole question 

Two facts invalidate uric acid as an index to renal effiaency viz , 
the frequent occurrence of retention in totally unrelated conditions and 
the often observed lack of parallelism with urea and creatimn in known 
cases of nephritis 

It IS by no means rare in uremia, while the patient is comatose and 
the creatimn and urea nitrogen figures are rising, to note a marked 
diop in the blood uric acid figure Three such instances are described 
below in Table 3 


TABLE 3— Sudden Drop in Uric Acid Concentration in Three 
Fatal Cases of Uremia 


^^me 

Age 

Sex§ 

Date of 
Analysis 

Uric 

Acid 

Urea 

N 



Date of 
Death 

V H* 

25 

d 

2/17/20 

62 

50 

75 

133 3 

2/28/20 




2/21/20 

12 5 

300 

86 

200 





2l2il2(i 

82 

300 

16 

143 





2/27/20 

5 

375 

20 

138 


H Gt 

43 

9 

3/26/21 

833 

50 

3 75 

166 

4/ 5/21 




3/29/21 

415 

60 

4 28 

111 


H A t 

29 

9 

2/17/19 

10 

lOO 

65 

142 

2/21/19 




2/19/19 

4 3 

115 

66 

200 



Patient ■was uremic and died in 


♦ Acute exacertoation oj chronic glomerular nephritis 
coma 

t Acute exacerbation of chronic glomerular nephritis, confirmed hy necropsy 
§ in this column, S signifies male, ? female ^ necropsy 


In uremia a certain rough ratio can be detected between the urea 
nitrogen and the creatimn figures They rise together as death 
approaches and descend proportionately with improvement No such 
parallel exists m the case of uric acid The data recorded in Table 3 
are irreconcilable with the view that uricacidemia is a sensitive test of 
slight degrees of renal inefficiency 


16 Fohn O Blood Analysis and Its 
Lectures, Delnered Feb 28, 1920 p 109 


Applications 


Harvey Society 
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It IS not niy purpose to attempt to annihilate all interpretations 
placed on high blood uric acid concentration The common finding of 
uricacidemia, without retention of total nonprotein nitrogen, in gout, 
nephrolithiasis, leukemia, lead poisoning, hyperCmesis gravidarum and 
eclampsia, has been abundantly shown However, it should be stressed 
that this state may also obtain in a vast number of unrelated conditions, 
under circumstances which are not yet understood The blood uric acid, 
therefore, cannot be considered in any sense as diagnostic but should 
be thought of as a syniptom Given an arthritis of the small joints, 
uiicacidemia furnishes an additional sign in favor of gout, or, in a 
case of hyperemesis gravidarum a high uric acid reading indicates that 
the condition is toxic rather than neurotic Any effort to assign to 
uricacidemia a uniform interpretation, i e , chronic interstitial nephritis, 
is an assumption not warranted by known facts 

CONCLUSIONS 

1 Uricacidemia may occur in a large numbei of totally unrelated 
conditions 

2 A study of 1,500 persons with routine blood chemical analyses 
showed that the great majority of patients with high blood concentra- 
tion of uric acid but not of urea nitrogen or creatinm exhibited no 
evidence at all of early chrome interstitial nephntis 

3 In uremia there is a lack of parallelism between the figures for 
uric acid, on the one hand, and those for urea nitrogen and creatinm 
on the other Frequently, with mounting urea nitrogen and creatimn, 
and deepening coma, terminating in death, the concentration of uric acid 
in the blood takes a marked drop There is often but slight retention 
of uric acid in moribund uremics 

4 The blood uric acid reading is of no value unless correlated with 
that of urea nitrogen (or total nonprotem nitrogen) A high concen- 
tration may be interpreted as a symptom, along with the other mani- 
festations, but IS in no sense diagnostic in itself of early chronic 
interstitial nephritis or any other condition 



ACCURATE CRITERIA FOR DIFFERENTIATING 

ANEMIAS '• 

RUSSELL L HADEN, MA, MD 

KANSAS CITY, KAN 

In differentiating types of anemia, clinicians are constantly making 
use of the relationship between the number of er 3 d:hrocytes and the 
hemoglobin This relationship is usually expressed as the color index 
In view of Its wide use, it is surprising how vague are the ideas of 
the factors on which the color index is fundamentally based This 
IS due, m some measuie, to the common use of only relative methods 
for the determination of hemoglobin To arrive at precise information, 
it is necessary to have the hemoglobin content expressed m exact terms 
of grams per hundred cubic centimeters Suggestions for a normal 
hemoglobin standard on this basis have been pointed out elsewhere ^ 

Very few careful studies of color index have been made It is not 
even universally agreed that the color index of normal blood is always 
1 00 Meyei and Butterfield,^ on the basis of a very few observations 
with hemoglobin determinations by the spectroscopic method, conclude 
that such is always true 

A proper understanding of the relationship between hemoglobin and 
erythrocytes presupposes a knowledge of the number, the size and the 
hemoglobin content of the red cells It is commonly thought that color 
index IS an expression indicating the percentage of hemoglobin in the 
cells This IS true only when the cells are of normal volume The 
index in reality depends on both the size and the hemoglobin con- 
tent As ordinarily determined, the size of the cell is not taken into 
consideration 

In 1903 Capps ® emphasized the value of the study of the size of 
the erythrocyte He introduced the term “volume index” to express 
the volume of the red cell as compared with the normal Since that 
time little use has been made of the index Only two articles concern- 
ing It have appeared in the literature Capps determined the volume 
of the red cells with Daland’s hematocrit, which is relatively crude and 
gives no information on which the exact volume of the average cell may 
be calculated His hemoglobin determination was made by a relative 

*From the Department of Medicine, University of Kansas, School of 
Medicine 

1 Haden, R L J A. M A 79 1496 (Oct 28) 1922 

2 Mejer, Erick and Butterfield, E E Arch Int Med 14 94 (July) 1914 

3 Capps, J A J M Research 5 367, 1903 
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method, namely, that of von Fleischl, the results of which cannot be 
translated into grams or be made the basis for calculating the hemo- 
globin content of the average red cell 

Capps emphasized that in pernicious anemia the volume of the 
average cell is greater than normal, and that in secondary anemia it is 
smaller In pernicious anemia he found the color index greater than 
the volume index The importance of this will be pointed out later 
He did find a volume index greater than 1 00 in conditions other than 
pernicious anemia, however He did not calculate in any instance 
the actual volume and hemoglobin content of the average cell Wroth ^ 
reports a few cases which confirm Capps conclusions Larrabee,® 
working with a slightly different technic, did not have such constant 
results 

It IS certainly true that few clinicians ever make use of the volume 
index In some of the most recent discussions of anemia no mention 
IS even made of its value and use in differential diagnosis in certain 
types of anemia 

In connection with a study of blood volume. Hooper, Smith, Belt 
and Whipple ° have recently suggested a method for the accurate 
determination of the volume of the mass of red cells A relatively 
large quantity of blood (10 c c ) is taken, and an anticoagulant isotonic 
with the blood is used, thus preventing any shrinking or swelling of 
the cells Much more constant and exact results are obtained than 
is possible with either the hematocrit of Daiand or by adding an 
indefinite quantity of solid potassium oxalate directly to the blood 
From the data obtained, together with the counts, the exact volume 
of the average cell may be calculated Likewise there is now available 
for hemoglobin estimation the very exact oxygen capacity method of 
Haldane as adapted by Van Slyke ® to his blood gas apparatus The 
results are expressed in grams per hundred cubic centimeters 

I have employed these two precise methods in a study of the blood 
of a large number of normal persons and in anemia of different types 
The volume and color index have been calculated for each blood 
examined “Since the color index does not express the amount of hemo- 
globin per unit volume of cell, I have calculated a new index which 
does express this value This index I have called the “saturation index” 
to indicate that it shows the relative amount of hemoglobin in the red 
cells as compared with the normal Only in normal blood is it 

4 Wroth, P Bull Johns Hopkins Hosp 18 59, 1907 

5 Larrahee, PC J M Research 24 15, 1911 

6 Hooper, Smith, Belt and Whipple Am J Physiol 51 205, 1920 

7 Haldane, J S J Physiol 22 298, 1898 

8 Van Slyke, D D J Biol Chem 33 31, 1918 
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synonomous with the color index The saturation index shows the 
same relation of the hemoglobin to the cell as the volume index does 
of the volume The color index depends on these two indices 

From the data obtained on the absolute volume of the red cells and 
the hemoglobin I have calculated the exact volume and the exact hemo- 
globin content of the average red cell in each blood examined, and in 
turn the exact percentage of hemoglobin in the red cells 

METHODS 

All determinations have been made on venous blood The follow- 
ing procedure has been followed 20 c c of blood is withdrawn by 
venipuncture, 10 cc of which is immediately run into a 15 cc gradu- 
ated centrifuge tube containing 2 c c of 1 6 per cent sodium oxalate 
solution and mixed by inversion The tube is then centrifuged foi 
thirty minutes at 2,500 revolutions per minute and the volume of packed 
red cells read off The remaining blood is run into a test tube or flask 
containing 40 mg of potassium oxalate and mixed thoroughly From 
this oxalated specimen two red cell pipets are filled in the usual manner 
for counting The tube or flask is then rotated for five minutes in 
such a manner as to keep the blood in a thin layer on the sides of the 
container The hemoglobin is thus completely converted into oxyhemo- 
globin Duplicate hemoglobin determinations are made with the Van 
Slyke apparatus The determinations have been made by both the 
original technic ® and by the revised method ® Identical results have 
been obtained with the two methods Van Slyke has shown that the 
calculation as originally given is incorrect since sufficient allowance was 
not made for the nitrogen content of the blood I have made all 
calculations by the revised method 

In determining the volume of the cells, two centrifuges have been 
used at different times The more powerful centrifuge gave slightly 
better packing (46 per cent of cells per 5 million cells) All volume 
results have been figured on this basis It should be emphasized here 
that in making volume index determinations, one should determine for 
the centrifuge used, the volume of cells obtained on centrifuging a blood 
containing 5 million cells of normal size and consider this as 100 
per cent 

In counting the red cells two preparations have been made from 
each of the two pipets filled and counted This figure given for the 
red count thus represents four counts on each blood Unless satis- 
factory checks were obtained, the counts were repeated This is very 
important since we have found that the most frequent source of error 
in calculating the indices is in the red counts 


9 Van Slyke, D D J Biol Chem 49 1, 1921 
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The counting chamber and pipets have been certified as correct b} 
the Bureau of Standaids All other pipets used, the hematocrit tubes 
and the Van Slyke apparatus, have been recalibrated carefully by 
weighing with water 

The volume of packed cells taken as normal, or 100 per cent , 
namely, 4 6 c c of packed cells for 10 c c of blood containing 5 million 
cells per c mm , was calculated from the average of many normal bloods 
In figuring the color index, 15 6 gm hemoglobin per hundred cubic 
centimeters of blood is taken as 100 per cent ^ The saturation index is 
calculated by dividing the percentage of hemoglobin by the volume per 
cent of packed cells The calculation of the three indices and the 
actual volume of hemoglobin content of the aveiage red cell is best 
illustrated by an example 


Example — On centrifuging 10 cc of normal blood with a red cell count of 
S million per c mm , 4 6 c c of packed cells are obtained On centrifuging a 
similar volume of blood from a patient with anemia, 31 c c are obtained 
The red cell count is 2,500,000 per c mm The volume index is 


Volume R B C obtained 3 1 

Normal volume 4 6 0 675 

R B C per c mm 2,500,000 0 500 

5,000,000 5,000.000 

The hemoglobin content of the blood of this patient is 9 36 gm per hundred 
cubic centimeters, or 60 per cent (Normal Standard) The color index, cal- 
culated in the usual way, is 1 20 


The saturation index is 


Per cent of hemoglobin 
Volume per cent of cells 


60 
67 5 


= 089 


The individual cell volume is 


31 


2,500,000 X 1000 X 10 


= 124 X 10" cc 


The hemoglobin content of the average cell is 

2,500,000 X 1000 X 100 = 3 74 X 10 " gm 

3 74 X 10~" 

The actual hemoglobin content of the red cell is 12 4 X 10~" “ ^ ^ 

Summary — The blood of this patient, then, has a volume index of 1 35, a 
color index of 1 20, a saturation index of 0 89, average cell volume of 
12 4 X 10"“ c c , an average cell hemoglobin content of 3 84 X 10"", and the 
hemoglobin in the cells is 302 per cent 


METHODS 

The findings in normal blood are shown in Tables 1, 2, 3 and 4 It 
will be noted that the hemoglobin in grams per hundred cubic centi- 
meter per 5 million cells is remarkably constant The average m the 
series of normal men, ages 18 to 30, is 15 57 gm per hundred cubic 
centimeter, normal ages from 30 to 50, 15 65 gm , and normal women 
all ages, 15 65 gm The average of all men and women is 15 6 gm 
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TABLE 1 — Normal Men — ^Ages 18 to 30 


Age 

B. B 0 in Millions ' 

per 0 Mm 

0\ygen Capacity 
per lOO Oe 

1 Gm Hb per lOO 0 c 

1 

Hb in per Cent 

O-xygcn Capacity 
per lOO 0 c per 

5 Million Cells 

Hemoglobin in Gm 
per 100 0 c per 

5 Million Cells 

to 

c 

'5 

r* 

V 

Pt? 

4^ 

C 

a 

O 

C* 

H 

W 

Volume per Cent 

R B 0 

Volume Index 

Color Index 

o 

'O 

a 

d 

o 

c* 

u 

d 

r* 

CO 

Volume Average Cell 
in Cc X 10-^1 

a> 

bo 

C3 

u 

O 

> 

fli) 

ri 

e: 

el 

O 

Actual Percentage 

Hb In cell 

18 

493 




2198 


45 0 

98 

0 99 

104 

105 

91 


360 

18 

510 

2170 


[ ill 

21 15 

15 85 

48 0 

104 

102 

101 

099 

94 

317 

33 6 

19 


2107 


1 79 

20 30 

15 15 

45 0 

98 

0 95 

097 

102 

87 


348 

23 

480 

21 57 


[ 

22 40 

16 70 

45 5 

99 

103 

105 

102 

95 


34 6 

23 

5 62 

2212 

16 61 

In 

19 76 

14 75 

Is 

finl 

0 98 

094 

096 

90 

2 95 

326 

24 

487 


1513 

97 


15 55 

B ^9 

99 

102 


0 97 

94 

311 

32 9 

25 

4 84 



96 



B 

91 

0 95 

ilsil 


87 

RSI 

351 

25 

5 26 


■ [ ^ 

■ in 

20 95 

15 65 

49 0 

106 

101 


099 

92 

313 

336 

25 

5 49 

22.40 


■ 

2019 

15 20 

49 6 

107 

097 

w/fl 

100 

89 

3 04 

33 9 

25 

5 50 

19 25 

B « 

B ^ 

19 53 

14 60 

500 

108 

099 

jl^ 

0 95 

91 

292 

322 

26 

5 36 

2145 

■ t III 

B 

20 09 

15 05 

47 0 

102 

095 

iSiil 

101 

87 

310 

34 2 

26 

468 

2193 

16 32 

104 

21 98 

16 40 

47 0 

102 

102 

104 

102 

94 

3 28 

34 6 

26 

500 

2198 

16 40 

105 

21 98 

16 40 

45 0 

98 

0 98 



90 

328 

362 

27 

4 70 

19 73 

14 72 

95 

2106 

15 70 

46 0 

fnsl 

106 



97 

314 

322 

28 

5 67 

23 00 

17 17 

110 

20 55 

15 35 

510 

111 

100 

099 



3 07 

33 6 

28 

509 

20 80 

15 53 

PKil 

20 50 

15 30 

45 0 

98 

096 

0 98 

102 

88 

306 

34 6 

28 

4 72 

19 68 


94 

20 90 

15 60 

44 0 

96 


ReiI 

EIR 

94 

312 

332 

29 

5 09 

2118 

15 80 

101 

20 85 

15 55 

46 0 

ifiSl 

0 98 

0 99 

1 01 

90 


342 

29 

4 52 

18 SO 

14 02 

90 

20 80 

15 50 

44 0 

96 

■iliwl 





351 

29 

4 99 

2100 


101 

20 90 

15 60 

46 0 

lOO 

tt^ 



92 

312 

342 

Average 

5 08 

2120 

15 83 

101 

20 85 


46 5 


100 



92 

311 

339 


Age 

R B C in Millions 
per O Mm 

SO 

480 

SO 

4 73 

SI 

4 40 

S2 

5 20 

32 

5 02 

32 


33 

4 58 

So 

5 05 

S5 

515 

85 


85 


86 

480 

38 

4 27 

39 

516 


EOl 

44 

5 20 

44 

4 56 

49 

4 32 

50 

4 89 

50 

5 28 

Ivcrage 

4 £65 


TABLE 2— Normal Men— Ages 30 to SO 


>» 

P.« 

r o 

O 

o 

cS 

c? 

bOb. 

>» o 
a 
O 

1 Gm Hb per lOO 0 c 

Hb m per Cent 

20 20 

16 10 

i 97 

IS 45 


69 

19 35 

14 41 

93 

21 57 

MMUM 

103 

20 80 

15 52 

100 

20 92 

1511 

1 96 

19 43 

f 

93 

20 72 

Iff 

99 

2213 


106 

2165 

1615 

104 

20 65 

15 40 

99 

20 65 

15 40 

99 

18 75 

1^21 

89 

21 50 

16 10 

103 


ft • jiiB 

92 

22 65 

ft i SB 

108 

EEE21 

ft 1 ^1 

91 

18 75 

ft ! iiil 

89 

20 90 , 

■ ; Ira 

100 

2155 

1610 

103 


15 23 

98 


Oxygen Cap icity 
per 100 C c per 

5 Million Cells 

Hemoglobin in Gm 
per 100 0 c per 

5 Million Cells 

Hematocrit Reading 

21 10 

15 70 

46 5 

19 60 

14 60 

44 0 

2195 

16 35 

43 0 

20 80 

15 50 

450 

20 80 

15 50 

46 0 

21 12 

15 75 

46 0 

2120 

15 80 

45 0 

20 55 

15 30 

46 0 

21 45 

16 00 

480 

19 85 

14 80 

49 0 

20 80 

15 50 

45 0 

2152 

1605 

45 0 

22 00 

16 40 

39 5 

20 85 

15 55 

475 

20 70 

15 45 

43 0 

2182 

16 25 

49 0 

20 85 

15 55 

42 0 

2180 

16 20 

40 0 

21 SO 

15 90 

44 5 

20 25 

15 25 

48 0 

2100 

15 65 

45 0 


Volume per Cent 

R B 0 

Volume Index 

Color Index 

y 

u 

*0 

a 

M 

d 

o 

43 

C5 

U 

d 

r 

a? 

*3 

Oh 

Si. 

C3 

gx 

BO 

Is 

> 

Gm Hb in Averagt 
cell X lO-^J- 

Actu il Percentage 

Hb in ceU 

99 

103 

101 

0 98 

95 

314 

33 2 

95 

100 

0 94 

094 

92 

292 

319 

93 

1 05 

105 

100 

97 

327 

339 

98 

0 95 

099 

105 

87 

310 

35 6 

100 

100 

100 

100 

92 

310 

339 

100 

100 

100 

1 00 

92 

315 

339 

98 

106 

101 

0 96 

98 

316 

32 6 

100 

099 

098 

101 

91 

306 

842 

104 

lEJI 

L02 

1 01 

93 

3 20 

34 2 

107 

09S 

096 

0 98 

90 

2 96 

332 

98 

099 

100 

101 

91 

310 

84 2 

98 

102 

101 

0 99 

94 

3 21 

337 

86 

101 

105 

104 

93 

328 

352 

103 

099 

100 

101 

91 

sn 

34 2 

92 

100 

100 

100 

92 

310 

33 9 

107 

1 02 

103 

101 

94 

3 25 

34 2 

92 

101 

100 

099 

93 

311 

836 

87 

100 

103 

103 

92 

324 

34 9 

97 

099 

102 

1 02 

91 

318 

34 6 

104 


098 

099 

91 

305 

336 

98 


100 

100 

92 

313 

339 
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which figure is taken as 100 per cent in calculating the hemoglobin in 
per cent and in determining the color index and the saturation index 
The color and volume index vary only within the limits of error of 
the determination, namely 0 95 and 1 05 The average is exactly 1 00 
The saturation index varies within the same limits with an average 
of 1 00 The volume and hemoglobin content of the normal cell vanes 

TABLE 3 — Normal Women 


Age 

H B 0 in Millions 
per 0 Mm 

Oxygen Capacity 
per 100 C c 

Gm Hb per 100 0 c 

Hb in per Cent 

Oxygen Capacity 
per 100 C c per i 

5 Million Cells 1 

Hemoglobin in Gm | 
per ICO C c per i 

5 Million Cells 1 

to 

a 

e' 

V 

W 

O 

o 

o 

Volume per Cent 

R B O 

Volume Index 

Color Index 

Saturation Index 

cJ 

Oh 

C3 rH 

< 
a " 

SO 

Is 

> 

Gm Hb in Average 
cell X lO"^!^ 

Actual Percentage 

Hb in c<U 

20 

4 15 

17 70 


84 

21 30 

|R Rij 

38 0 

83 

HBil 


101 

92 

318 

34 2 

21 

3 89 

16 23 

12 12 

78 

21 90 

It gS 

36 0 

79 

101 


100 

93 

312 

33 9 

22 

4 20 

17 49 

13 10 

84 

20 90 

Kb SI 

38 0 

83 

0 99 

1 oo 

099 

91 

312 

33 6 

23 

4 40 

18 07 

13 50 

87 


Kb 

40 5 

88 

■nSl 

100 

lOO 

92 

3 07 

33 9 

25 

4 45 

18 60 

13 88 

88 


Kk nl 

410 


101 

099 

0 98 

93 

312 

33 2 

26 

4 38 

19 90 

14 SO 

95 

22 60 

Ku S|l 

43 0 

93 

105 


103 

97 

3 38 

34 9 

27 

4 72 

■Blgil 

■eigiB 

94 

20 70 

Kb bl 

43 0 

94 



100 

92 

3 09 

33 9 

27 

3 97 

15 90 

1190 

76 

2010 


37 0 


102 

0 97 

0 95 

94 

300 

32 2 

30 

4 56 

18 75 

14 00 

90 

20 58 


41 0 

90 

099 

099 

100 

91 

3 07 

33 9 

38 

3 05 

16 20 

1210 

78 

KOISSI 


37 0 

«il 

101 

0 99 


93 

306 

33 2 

40 

4 31 

17 98 


86 

20 90 


400 

87 

102 



94 

312 

33 2 

40 

4 26 

18 05 


86 

2115 


39 0 

85 

100 


1 01 

92 

317 

34 2 

Average 

4 26 

17 33 

13 31 

85 

2100 

15 63 

39 0 

85 




92 

313 

33 9 


TABLE 4 — Men and Women of All Ages 


R B C in Millions 
per C Mm 

Oxygen Capacity 
per 100 C c 

CJ 

O 

s 

r-( 

(-1 

O 

Pi 

Xi 

w 

1 

s 

o 

Hb in per Cent 

Oxygen Capacity 
per 100 C c per 

5 Million Cells 

Hemoglobin in Gm 
per 100 C c per 

5 Million Cells 

to 

5 

r 

a> 

W 

•u 

1 

C) ' 

O 

s 

o 

w 

Volume per Gent 

R B C 

Volume Index 

Color Index 

Saturation Index 

Oh 

St 

r 

u 

^x 
< 
a> « 

go 

Is 

!> 

o 

to 

a 

o 

> 

c: 

at 

K 

r* ^ 

S 

o 

Actual Percentage 

Hb in cell 


508 

21 20 

15 83 

101 

20 85 

15 57 

46 5 

101 

1 00 

Too 

1 00 

92 

3 11 

33 9 

Ai erage men IS 30 

4 865 

20 25 

15 23 

98 

21 00 

15 65 

45 0 

98 

100 

100 

1 00 

92 

313 

33 9 

Axerage men 30 50 

4 26 

17 33 

13 34 

1 

85 

2100 

1 

15 65 

39 0 

85 

100 

1 

|100 

100 

92 

313 

33 9 

Average women 
all ages 

4 74 

19 86 

14 80 

1 

95 

20 90 

1 

15 62 

43 5 

95 

1 00 

'lOO 

1 

1 00 

92 

i 

3 32 

1 

33 9 

Average all men 
and women 


little The average volume of the cells in men and women is 9 2 x 10"^^ 
c c Starling states that the normal cell volume is 7 22 x 10"^^ c c 
Luciani gives it as 6 67 x 10'^^ c c The former results are based 
on determinations wth models of high magnification Our figure is 
higher than the figures quoted It is possible that some plasma may 

10 Starling, E H Principles of Human Physiology, Philadelphia, Lea 
& Febiger, 1915, p 818 

11 Luciani, L Human Physiolog}’’, New York, Macmillan &Co 1 105 1911 
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remain in the packed cells giving readings which are somewhat too 
high The centrifuge used was a very powerful one, however, and 
maximum packing was attained so it is difficult to see how any fluid 
could remain in the interstices between the cells The average hemo- 
globin content of the cells varies little in men and women, the average 
being 3 12 X 10"^^ gm The actual percentage of hemoglobin in the 
red cells is 33 9 There are no variations from this beyond the limits 
of error 

Peinictous Anemia — The findings in pernicious anemia present a 
marked contrast to those of normal blood (Table 5) The bloods 

TABLE S — Pernicious Anemia 


a B 0 in Millions 1 
per 0 Mm 

Oxygen Capacity 
per 100 0 c 

Gm Hb per 100 0 c 

Hb m per Cent 

Oxygen Capacity 
per lOO C c per 

5 Million Cells 

Hemoglobin in Gm 
per 100 O c per 

5 Million Cells 

Hematocrit Reading 

Volume per Cent 

BBC 

Volume Index 

Color Index 

O 

a 

w 

a 

o 

C3 

U 

3 

4^ 

C* 

X2 

9 

Ow 

at 

C3 

O V 

o “ 

so 

|9 

> 

O 

tn 

C3 

U 

O 

sk 

XI X 

as 

a 

Actual Percentage j 

Hb m cell 

EcmarliS 

0 74 

3 83 

2 76 

18 

25 95 

19 35 

tm 

21 

141 

121 

0 86 

13 0 

387 

29 2 


124 

3 53 

263 

17 

14 16 

10 55 

16 0 

33 

131 

0 69 

0 52 

12.1 

211 

17 6 

Large spleen 

138 

6 24 

465 

80 

22 60 

16 85 

15 0 

33 

121 

109 

090 

111 

337 

305 

1 42 


665 

43 



19 5 

42 

147 

151 

1 02 

13 5 

468 

34 6 


158 

915 


44 

28 85 


210 

46 

1 45 

139 

096 

18 4 

4 30 

32 6 


1 64 

9 55 

713 

46 

2915 

2175 

210 

46 

139 

139 

100 

12 8 

4 35 

339 


161 

7 79 

560 

37 


masM 

ISO 

39 

1 22 

116 

0 93 

112 

3 48 

315 


168 


6 20 

40 

24 75 

18 45 

18 5 

m 

120 

120 

1 OO 

111 

369 

33 9 

Primary aplastic 
type 

173 

790 

589 

38 



220 

48 

138 

110 

0 79 

12 7 

3 40 

268 

175 

9 87 

735 

47 

28 20 



46 

131 

131 

100 

121 

420 

339 

Ataxia , fixed 
pupils 

181 

8 27 

615 

39 



220 

48 

133 

108 

082 

12 3 

3 40 

27 8 

188 

12 33 

922 

69 

32 85 


29 0 

63 

168 

157 

0 93 

15 5 

4 90 

31 5 


199 

10 99 

8 20 

52 


20 60 

26 0 

56 

140 

1 30 

0 93 

12 9 

412 

31 5 


210 

1150 

859 

65 


20 45 

250 

54 

135 

130 

096 

124 

409 

32 6 


227 

798 

5 95 

38 


13 05 

37 0 

81 

177 

084 

0 47 

16 3 

261 

16 0 

Very marked cord 
changes 

233 

1217 


68 

2615 

19 50 

285 

62 

133 

124 

094 

12 2 

390 

31 9 

2.60 

1018 

760 

49 

19 60 

14 60 

280 

61 

117 

094 

0 80 

10 8 

292 

271 


2 79 

13 60 

10 20 

65 

24 50 

18 30 

320 

69 

123 

116 

0 94 

11 3 

366 

319 


293 

17 29 

12 90 

S3 

29 50 

22 00 

36 5 

79 

135 

139 

1 03 

12 4 

4 40 

349 

Remission for six 

333 

16 40 

12 20 

SO 

24 60 

18 35 

37 0 

81 

120 

120 

1 00 

11 1 

3 67 

339 

Remission for ten 

1 94 

9 76 

7 28 

47 

2515 

18 75 

24 5 

53 

139 

121 

089 

12 8 

3 75 

302 

Average 


examined cover a wide range of red cell count and hemoglobin content 
The counts vary from 0 74 million to 3 33 millions per c m , and the 
hemoglobin varies from 3 83 to 12 20 gm per hundred cubic centi- 
meter The volume per cent of red cells as determined by the hema- 
tocrit method is uniformly high The volume index ranges from 1 17 
to 1 77 The average is 1 39 The color index is below 1 00 in only 
three instances and is never higher than the volume index The satura- 
tion index is as high as 1 00 m only six of the twenty cases and is 
never over 1 00 beyond the limits of error 

The cause of the high color index in pernicious anemia is still not 
clear in the minds of man\ I find on inquiry that most physicians 
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believe that there is a supersaturation of the cells with hemoglobin 
Although Capps pointed out that the color index is never higher than 
the volume index, and the high color index is thus due to the increase 
111 cell volume, this fact is not made clear in even the most recent text 
books The term hyperchromemia is frequently used in the sense of a 

TABLE 6 — Hemolytic Secondary Anemia 


a B 0 in Millions 
per OMm 

Oxygen Capacity 
per 100 C c 

Gm Hb per 100 0 c 

Hb in per Cent 

Oxygen Capacity 
per 100 C c per 

6 Million Cells 

Hemoglobin in 6m 
per 100 O e per 

5 Miliion Celis 

Hematocrit Heading 

Volume per Cent 
BBC 

Volume Index 

Color Index 

Saturation Index 

o„ 

St 

C3 l-( 

ffl “ 

ac> 

la 

> 

Gm Hb in Average 
cell X 10-11 

Actual Percentage 

Hb in cell 

Diagnosis 

160 

563 

420 

27 

17 55 

1310 

17 5 

38 

104 

0 91 

071 

96 

2 62 

241 

Chronic nephritis 

1 96 

' 725 

5 40 

35' 

18 50 

13 80 

18 0 

39 

100 

090 

090 

92 

276 

30 5 

Carcinoma of 
stomach 

2 67 

925 

690 

44 

17 so 

12 90 

240 

52 

098 

0 82 

085 

90 

268 

28 8 

Chronic bron- 
chitis 

2 85 

822 

613 

39 

13 95 

10 40 

250 

54 

0 95 

068 

0 72 

87 

208 

24 4 

Carcinoma of cer- 
vix 

2 94 

5 62 

4 20 

27 

958 

715 

22 0 

47 

0 79 

0 46 

0 57 

73 

143 

19 7 

Undetermined 

310 

893 

6 70 

43 

14 63 

10 90 

23 0 

60 

0 70 

080 

088 

64 

218 

29 9 

Diffuse carcino 
matosis 

321 

10 90 

814 

62 

16 81 

12 55 

30 0 

65 

101 

081 

0 80 

93 

2 51 

27 2 

Lead poisoning 

3 31 

10 28 

787 

60 

16 78 

1185 

28 0 

61 

092 

0 76 

083 

85 

2 37 

282 

Carcinoma of 
stomach 

3 36 

12 82 

915 

69 

18 15 

13 55 

310 

68 

103 

088 

087 

95 

271 

296 

Acute endocard 
itis 

336 

9 04 

6 76 

43 

13 48 

10 05 

240 

62 

0 78 

064 

083 

72 

2 01 

282 

Chronic nephritis 

336 

13 65 

10 20 

65 

20 30 

15 15 

310 

68 

101 

097 

096 

93 

303 

32 6 

Pelvic Inflamma- 
tory disease 

354 

12 80 

U03 

71 

20 85 

15 65 

336 

73 

102 

100 

0 98 

94 

311 

332 

Chronic nephritis 

363 

16 60 

12 SO 

79 

22 68 

16 95 

32 5 

71 

096 

092 

104 

72 

3 39 

363 

Malnutrition 

3 93 

15 80 

1177 

76 

2010 

1500 

38 0 

83 

105 

0 95 

090 

97 

300 

306 

Undetermined 

4 03 

16 30 

1215 

78 

20 26 

1510 

37 0 

81 

100 

096 

096 

92 

302 

326 

Obstruction com 
mon bile duct 

410 

905 

6 75 

43 

1103 

8 25 

29 0 

63 

0 77 

0 52 

068 

71 

165 

231 

Wassermann 4-i-, 
luetic ? 

4 11 

1716 

12 82 

82 

20 85 

15 55 

39 0 

85 

104 

lOO 

096 

96 

311 

32 6 

Carcinoma of 
colon 

4 15 

12 82 

9 55 

61 

16 40 

11 50 

32 0 

69 

0 83 

0 74 

0 89 

76 

2 30 

30 2 

Pelvic inflamma- 
tory disease 

4 60 

17 60 

1315 

84 

19 30 

14 40 

43 0 

94 

102 

0 91 

092 

94 

288 

312 

Chronic focal in 
fection 

4 61 

16 85 

12 68 

80 

1816 

15 55 

44 0 

95 

103 

087 

085 

95 

271 

288 

Mild chlorosis 

4 72 

16 83 

12 66 

80 

17 82 

13 30 

440 

95 

100 

085 

085 

92 

266 

28 8 

Chronic bron- 
chitis 

4 99 

1175 

877 

66 

1170 

8 80 

34 0 

75 

076 

056 

0 71 

69 

176 

241 

General gland cn 
largement 

600 

16 75 

12 48 

80 

16 76 

12 50 

42 0 

92 

092 

0 80 

087 

85 

260 

29 5 

Catarrhal jaun 
dice 

Conv acute ton 
sillitis 

504 

14 41 

14 47 

93 

19 22 

14 35 

45 0 

98 

098 

093 

0 95 

90 

287 

32 2 

508 

17 67 

13 20 

85 

17 41 

13 00 

44 0 

96 

0 95 

o/es 

0 84 

0 89 

87 

260 

30 4 

Acetanilid poison 
mg 

610 

1110 

828 

53 

1110 

8 30 

32 0 

70 

0 62 

0 78 

63 

166 

26 6 

Undetermined 

378 

12 76 

i 

9 52 

61 

17 00 

12 70 

32 0 

70 

093 

0 81 

0 87 

86 

2 62 

295 

Average 


supersaturation Likewise, Larrabee did not find the volume index 
constantly higher than the color index Our series in which exact 
methods are used verifies the statement of Capps The saturation index 
IS of value in emphasizing this point, since it is never more than 1 00 
and IS seldom as high as 1 00 The average percentage of hemoglobin 
in the cells is 30 2 as compared with a normal of 33 9 
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The average cell volume is variable but always greater than the 
normal The average of the twenty cases is 12 8 x 10“^^, or 39 per cent 
greater than the average normal The average hemoglobin content of 
the cell IS 3 75 x 10"^^ gm , or 21 per cent greater than normal 

Several cases m this series are of special interest Case 8 was a 
typical case of aplastic anemia of four months’ duration The volume 
index was 1 22 and the color index was 1 16 The last two cases are 
unusually interesting One patient has had a remission of six years, 
the other of ten years In each instance there is at present a very high 
color and volume index Free hydrochloric acid is still absent on 
gastric analysis The patients are, however, free of symptoms These 


TABLE 7 — Hemorrhagic Secondary Anemia 


R B 0 in Millions 
per 0 Mm 

Oxygen Oipaclty 
per lOO 0 c 

Gm Hb per 100 0 c 

Hb m per Cent 

Oxygen Capacity 
per 100 C c per 

5 Million Cells 

Hemoglobin in Qm 
per lOO 0 c per 

6 Million Cells 

Hematocrit Reading | 

Volume per Cent 

R B 0 

Volume Index 

Color Index 

Saturation Index 

' O) 

Oh 

si 

es r-t 
^ 1 
a> w 

■5 

, o « 

1 ao 

||h 

!> 

Gm Hb in Average 
cell X 10*^^ 

1 

Actual Percentage 

Hb in cell 

Diagnosis 

137 

318 

237 

15 


785 

95 

20 

0 73 

059 



173 

20 0 

Intestinal hemor- 
rhage 

Hemorrhoids, ex- 
amined 5/24/21 

300 

7 74 

5 77 

37 

12 85 

960 

220 

47 

0 78 

0 62 



192 

210 

338 

8 74 

6 52 

42 

1 


965 

250 

54 

080 

062 


74 

1 

19S i 

1 

210 

Some patient, ex- 
amined 7/5/21 

4 95 

13 27 

990 

53 

13 47 

10 05 

36 0 

78 

0 77 

060 


74 

100 

20 4 

Hemorrhoids, ex- 
amined 3/7/22 

3 43 

702 


34 

892 

665 



0 67 

050 


62 

153 

17 0 

Same patient, ex- 
amined 4/3/^ 

390 

9 40 

7 02 

45 

1185 

885 



0 76 

0 57 



177 

19 7 

Hemorrhoids 

393 

U97 

891 

57 

15 80 

1140 



0 75 

078 



228 

24 8 

Gastric ulcer 

450 

12 88 

9 62 

62 

14 35 




077 

1 




214 

23 8 

Carcinoma of cer- 
vix. 

3 57 

9 30 

692 

44 

13 00 


25 0 

55 

077 

0 62 


D 

194 

1 

210 i 

i 

Average 


findings lend weight to the belief of many clinicians that "once perni- 
cious anemia, always pernicious anemia ” 

Hemolytic Secondary Anemia — The secondary anemias have been 
classified roughly into two types The anemias due to increased blood 
jigstruction within the blood vessels are considered as hemolytic, those 
due to the loss of blood through hemorrhage as hemorrhagic This 
is obviously an unsatisfactory claksification but serves the present 
purpose Twenty-six observations on hemolytic anemia are recorded 
(Table 6) These show for the most part a volume index of 1 00 or 
very little less regardless of the extent of the anemia The cases 
presenting a low volume index have probably existed for a long time, 
the low index being due to long continued drain on the bone marrow 
The average volume index of this group is 093, the color index, 081, 
and the saturation index, 087 
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The volume of the average cell m the average of the senes is 
8 6 X 10'^^ c c and the average hemoglobin content is 2 5 x 10~^^ gm 
It IS of interest to note that the saturation index and the actual 
percentage of hemoglobin in the red cells is very nearly equal that 
of pernicious anemia 

Capps reported a volume index greater than 1 00 m certain cases of 
jaundice I have examined the blood of two persons with this condi- 
tion In one case the jaundice was due to a catarrhal cholangitis, in 
the other to an obstruction of the common bile duct by a carcinoma of 
the head of the pancreas The jaundice was most intense in both 
instances The volume index is 1 00 in one, and 0 92 in the other 
Several cases of carcinoma are recorded, including two involving the 
stomach The volume index is 1 00 or less 

Hemorrhagic Secondary Anemia — Only eight cases were studied in 
this group The results are tabulated in Table 7 These patients had 
all suffered from chronic hemorrhage The volume index is low in 
every instance, the average being 0 77 The color index is still lower, 
namely 0 62 The saturation* index is higher than either the color or 
volume index, the average being 0 80 In the final average the cell 
volume IS 7 1 X lO"’^^ c c The hemoglobin content of the average cell 
IS 1 94 X 10"^^ gm The actual percentage of hemoglobin in the red 
cells IS 27 1 No opportunity has presented itself to study cases of 
acute hemorrhage It is apparent that in anemia due to very acute 
hemorrhage there could be no change in volume index In the cases 
reported the very low volume of the average red cell is probably the 
best index of the dram on the bone marrow 

DISCUSSION 

The results obtained in this study emphasize in a striking way the 
great constancy of the volume and hemoglobin content of the normal 
cell No variations greater than the limits of error incident to the 
determination have been encountered The fact that the hemoglobin 
in normal blood never exceeds a concentration of 33 9 per cent can 
be accepted as the strongest evidence that this figure represents the 
saturation of the red cells by hemoglobin 

In pernicious anemia the one constant and characteristic feature of 
the blood is the increased volume lof the average red cell This 
increased volume has not so far been found in any other condition and 
it would seem that a volume index beyond the limits of error of the 
determination is almost diagnostic of pernicious anemia A color index 
greater than 1 00 means only that the cells are larger than normal 
The volume index of more than 1 00 is always present if the color index 
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IS greater than 100 and also m many instances in which the color 
index IS less than 1 00 It is obvious that a knowledge of the volume 
index IS of greater value than the color index in differential diagnosis 
of the different types of anemia 

The facts presented on the exact volume and hemoglobin content 
of the average cell in pernicious anemia expressed in absolute instead 
of relative terms prove beyond question that supersaturation of red 



Fig 1 
anemia 


Hlf pcf 100 cc blood 

Hlr pef lOOct blood per 5 millioiT cells 
^Hemoglobin percentage of blood of normal persons and in cases of 


cells never occurs This is most graphically shown in the single case 
by the calculation of the saturation index which expresses the amount 
of hemoglobin in the cell relative to normal, and in every case is 
100, or less 

A variation m volume of the red cells is very much more easily 
determined than a variation in the diameter of the cell A relatively 
small increase in diameter causes a very large increase m cell volume 
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This IS illustrated in Figure 2 To give an increase of 39 per cent m 
the volume of the cells it is only necessary to increase the diameter of 
every cell from the normal 7 60 microns, to 848 microns If the 
increase is uniform, involving all the cells, as is not uncommonly the 
case. It IS most difficult to detect the increase in size of the red cells 
by simply looking at them in a fresh preparation or on a stained film 
Pnce-Jones thinks that there is a diurnal variation in size of the 
cells His claim is based on results obtained by measuring the diameter 
of the cells The variation in diameters which he describes would make 
a very large difference in volume I have made determinations of the 



T-crmcious .^econd.^H 

blood ' 


Fig 2 — Diagram to illustrate the relative measurements of the red blood 
cell m the various anemias as compared with the normal 

cell volume by the method described at all times of the day and find no 
evidence of a diurnal variation 

As contrasted with primary anemia, the secondary anemias show an 
average cell volume never greater than normal and seldom as large 
The color index is correspondingly smaller The saturation index, how- 
ever, IS nearly as great as that in pernicious anemia The per cent 
of saturation of the hemoglobin in the protoplasm probably plays a 
large part in its ability to transport oxygen This preservation of 
concentration is peihaps a protective phenomenon The smaller size 

12 Pnce-Jones, C J Path & Bactenol 23 371, 1920 
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Fig 3 — Diagram to illustrate the volume of packed red corpuscles obtained 
on centrifuging 10 c c of blood containing 5 million red cells per cubic 
millimeter 
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Fig 4 Diagram to show the volume, color, and saturation index in normal 
blood and in the anemias 
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of the cell in hemorrhagic anemia is probably the direct lesult and an 
expression of the long continued dram on the bone marrow 

The best comparison of the difference m cell mass in different types 
of blood IS best shown by the actual volume of cells obtained on centri- 
fuging a certain amount of blood If we suppose that the blood from 
different types of anemias were concentrated so that there would be 
5,000,000 cells per cubic centimeter as in the normal, and 10 c c of each 
were centrifuged, the cell volume would be as illustrated m Figure 3 
The figures given lepresent the average of the cells in different groups 
studied It will be noted that the cell volume in pernicious anemia is 
almost twice that of hemorrhagic secondary anemia 

The relation of the three indices m all the groups is illustrated in 
Figure 4 The indices are equal only m normal blood 


TABLE 8 — Comparison of Averagc Findings in Normal Blood and in the 

Anemias 


B B 0 in Millions 
per O Mm 

Oxygen Capacity 
per 100 Co 

6m Hb per lOO 0 c 

Hb m per Cent 
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5 Million Cells 

Hemoglobin m Gm 
per lOO 0 c per 

5 Million Cells 
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'S 
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Volume Index 
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Volume Avenge Cell 
in C c X 10-^^ 

fij 
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Hb m cell 



2120 

15 83 

101 

20 85 

15 57 

46 5 

101 


100 


92 

311 

33 9 

Average men 18-30 


20 25 

16 23 

98 


15 65 


93 


100 

ita 

92 

313 

339 

Average men 30 30 

426 

17 33 

13 34 

85 


15 65 

39 0 

85 


100 

m 

92 

313 

339 

Average -women 
all ages 

4 74 

1986 


95 

20 95 

15 62 

43 5 

95 


100 

D 

92 

312 

339 

Average all men 
and women 

1 94 

9 75 

728 

47 

2515 

18 75 

24 6 

63 

1 39 

121 

0 89 

12 8 

3 75 

802 

Average pernici- 
ous anemia 

3 78 

12 76 

9 52 

61 






0 81 


86 

2 52 

295 

Average liemo 
lytic secondarj 
anemia 

3 57 

930 

092 

44 


9 70 

250 

65 


0 62 


71 

194 

271 

Average licmor- 
rhagic secondary 
anemia 


SUMMARY AND CONCLUSIONS 

A Study is presented of the red cell count, hemoglobin m grams 
per hundred cubic centimeters, volume index, saturation index, the 
exact volume and the exact hemoglobin content, and the hemoglobin 
percentage in the red cells of the blood of fifty-two normal men and 
women, twenty cases of pernicious anemia, twenty-six cases of hemo- 
lytic secondary anemia, and eight cases of hemorrhagic anemia 

A new index which expresses the hemoglobin saturation of the red 
cells as compared with the normal is descnbed In normal blood the 
red cells are completely saturated with hemoglobin, hence the index is 
always 1 00 

A study of the volume of the cells is of the greatest value in the 
differential diagnosis of the anemias The volume is best expressed 
as the volume index of Capps 
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When determined by exact and absolute methods the volume index, 
the color index, and the saturation index of normal blood are always 
1 00 within the limits of error 

In normal blood the volume of the average red cell is 9 2 X 10 " 
gm , and the percentage of hemoglobin in the red cells is 33 9 

In pernicious anemia the practically constant and the most char- 
acteristic blood findings is the large volume of the average red cell, 
as shown by a volume index above 1 00 

A volume ‘index greater than 1 00 has not been found in any condi- 
tion other than pernicious anemia 

In permcious anemia the increase in volume of the cell is greater 
than the increase in hemoglobin The volume index is consequently 
always greater than the color index, and the saturation index is never 
above 1 00 and is seldom as high as 1 00 Supersaturation of the cells by 
hemoglobin never occurs 

In the twenty cases of pernicious anemia studied, the average volume 
index IS 1 39, the color index 1 21, and the saturation index 0 89 The 
volume of the cell is 12 8 X 10 ” the grams of the hemoglobin 
3 75 X 10 " and the percentage of hemoglobin in the cell is 30 2 
In hemolytic secondary anemia the volume of the cell is very little 
decreased unless there is prolonged dram on the bone marrow, hence the 
volume index is nearly 1 00 Likewise the color and saturation indices 
vary only a little from the normal 

In the twenty-six cases of hemolytic secondary anemia studied, the 
average volume index is 093, the color index 081, and the saturation 
index 0 87 The volume of the cell is 8 6 X 10 " c c , the hemoglobin 
content is 2 52 X " gm , and the percentage of hemoglobin is 29 5 
The red cells in chronic hemorrhagic secondary anemia have a 
smaller volume than normal The extent of the decrease is probably 
the best index of the dram on the bone marrow and is of definite 
prognostic value 

Only eight cases of hemorrhagic secondary anemia have been studied 
The average volume index is 0 77, the color index 0 62, and the satura- 
tion index 0 80 The \olume of the average cell is 7 1 X 10 the 
hemoglobin content is 1 94 X 10"“ gm , and the percentage of hemo- 
globin in the cells is 27 1 

The percentage of hemoglobin in the cells is very nearly as high 
per unit volume of cells in secondary anemia as in primary anemia 
The difference is in the size of the cells in the two conditions 
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LEHRBUCH DER PATHOLOGISCHEN PHYSIOLOGIE FUR STUDEN- 
TEN UND AERZTE Herausgegeben von Prof Dr H Ludke, und 

Prof Dr C Schlayer Paper Price, 540 marks Pp 819, with 133 

illustrations Leipzig Johann Ambrosius Barth, 1922 

Under the title mentioned are collected chapters by representative German 
authors on a variety of physiologic subjects, with discussions of the related 
functional pathology Franz Fischler has written the section on metabolism 
He mentions methods for studying metabolism, the nitrogen balance, caloric 
values of food substances, and discusses the importance of various organs, 
such as the liver, pancreas, and other organs which regulate the normal 
metabolism While this section contains much useful information, there is 
little reference to investigations completed during the last ten years No 
mention is made of basal metabolism, or of the work by Du Bois and his 
associates, neither is the buffer mechanism of the body fluids discussed in 
any way 

A brief discussion on constitutional pathologic physiology is written by 
R V d Velden 

Hans Eppinger’s chapters on the glands of internal secretion are well 
written, and his literature references indicate a wide and thoroughly modern 
conception of facts known in this hazy field of medical biology 

H Ludke contributes the section on infection and immunity Portals of 
bacterial invasion, defenses of the body, virulence of bacteria, bacterial to\ins, 
natural and acquired immunity and other related features of this topic are 
discussed Anything particularly new is not contained, for practically all of 
the information mentioned has appeared in texts five or more years ago 

Erich Leschke has written the chapters on fever — a review of features gen- 
erally known and presented well 

The physiology of the nervous system is written by E Forster, that of 
the circulation by C J Rothberger, of the respiration by Joseph Forschbach, 
of the blood and blood forming organs (including pathologic physiology) by 
Hans Hirschfield, of digestion by J Strasburger, of nutrition by L Lichtwitz, 
and of the kidney by C R Schlayer Each of these sections contains an exten- 
sive discussion on a par with similar chapters in standard American medical 
physiologies 

The book contains, m brief, considerable information regarding the sub- 
jects discussed It cannot be recommended to physicians generally as a model 
text, for practically all the information contained is m standard physiologies 
and in texts on bacteriology or immunity 

THE CHEMISTRY OF TUBERCULOSIS A Compilation and Critical 
Review of Existing Knowledge on the Chemistry of the Tubercle Bacillus 
and Its Products, The Chemical Changes and Processes in the Host, The 
Chemical Aspects of the Treatment of Tuberculosis By H Gideon Wells, 
MD, PhD, Professor of Pathologj'^ m the University of Chicago, Ljdia 
M DeWitt, MD, AM, Associate Professor of Pathology m the Unnersity 
of Chicago, and Esmond R Long, Ph D , Assistant Professor of Pathology 
in the University of Chicago Cloth Price, $5 Pp 447 Baltimore 
Williams & Wilkins Company, 1923 

The increasing activity in research medicine in America becomes apparent 
in the number of monographs published during recent years This most recent 
addition to the list summarizes the careful reading as well as the more recent 
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work of the members of the Sprague Institute interested more particularly in 
tuberculosis The publishers state that it is a complete reference handbook on 
the chemical aspects of tuberculosis and related problems It is that The 
material is quite recent, the presentation is well balanced, and seemingly nothing 
of importance has escaped consideration It is invaluable to the worker in 
tuberculosis 

It IS certainly refreshing and perhaps significant to note that the term 
“antibody” finds no place in the index We are apparently advancing in our 
knowledge of tuberculosis when speculation gives place to accurate observa- 
tion of biochemical and biophysical processes 

MULTIPLE SCLEROSIS (DISSEMINATED SCLEROSIS) An Investiga- 
tion by The Association for Research m Nervous and Mental Diseases 
Report of the Papers and Discussions at the Meeting of the Association, 
New York City, December 27th and 28th, 1921 Editorial Board Charles 
L Dana, M D , Smith Ely Jelliffe, M D , Henry Alsop Riley, M D , 
Frederick Tilney, M D , Walter Timme, M D Cloth Price, $3 75 Pp 
241, with illustrations New York Paul B Hoeber, 1922 

This book consists of papers on all phases of the subject by twenty-six 
prominent American investigators of nervous diseases, together with questions 
and comments by members of the “Commission” of the Association, and con- 
clusions by the commission as a whole The most interesting chapter is that 
by G B Hassin on the pathology He considers the lesions as purely degenera- 
tive, not inflammatory, a view not shared by some of those present, as seen 
from the record of the animated discussion The book can be recommended 
as setting forth in a novel and fascinating manner all that is known about 
this peculiar disease, including the results of the most recent researches in 
many countries 
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THE CLINICAL SIGNIFICANCE OF ABNORMALITIES 

IN URINE VOLUMES ' 

T ADDIS, MD 

SAN FRANCISCO 

The words oliguria, polyuria and nycturia are used in this paper 
to indicate different types of abnormality in urine volume, although m 
most dictionaries they have a double meaning and may designate 
changes either in the frequency of urination or in the amount of mine 

At present these words can be used only in a general desciiptive 
sense, and are only applicable with any certainty m those instances m 
which the deviation fiom the volumes ordinarily observed is extieme 
This IS so not on account of any lack of measurements of the volume 
of urine in normal persons but because these measurements have been 
made under such varying conditions that the range of noimal variation 
IS wide and its limits uncertain A definition of oliguria, pohtiria 
and nycturia which would give the tenns a quantitative significance 
requires a statistical determination of the distribution of the mine 
rolumes of normal subjects under carefully selected and conti oiled 
conditions 

The conditions most likely to lead to the sharpest difteientiation 
between the volumes from normal persons and those obtained from 
patients with Bright’s disease may be expected to be of such a natme 
that they impose a strain either on the water excreting capacity of the 
kidney or on its concentrating capacity For when a laige amount of 
water is given to a patient whose effective renal tissue has been 
extremely reduced by disease the volume of urine excreted is much less 
than normal, while it is greatei than normal when no fluids have been 
taken Undei one set of conditions the volume is too large and under 
the other set of conditions too small In either case the ^olume of 
urine eliminated by a badly damaged kidney differs widely fiom the 
normal, and both conditions are, therefore, suitable foi a statKtical 
definition of oliguria, polyuria and n3'-ctuna 

I OLIGURIA, POL\URI\ 

A CONDITIONS 

Constant Lozu Wafei Intake, Uica Adnumstiation, Tzvcnty-foia 
How Collections — In 1916, Addis and Watanabe ^ ga^e the ^olume•= of 


* From the Department of Medicine of Stanford Unuersity Medical School 
1 Addis and Watanabe J Biol Chem 27 267 1916 
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uiine obseived in twenty normal adults who were on a constant diet 
with a total water content of 1,710 c c This diet was maintained foi 
SIX days, and at the commencement of each of the last three twenty- 
four hour peiiods 20 gm of urea, dissolved m 360 c c of water, were 
taken Since then, additional observations have been made on normal 
adults so that we now have measurements on twenty-eight persons 
In order to deciease the variability, the twenty-four hour volumes of 
the fourth, fifth and sixth da}s ha\e been averaged The mean of 
these averages is 1 345 cc , the standard deviation is ±178 cc and 
the variability is 13 2 per cent Table 1 gives the odds against any 

TABLE 1 — Dlfimtion or Oiiguria and Polyuria 


Conditions Constant low water intake, urea administration twenty-four 

hour collections 


neflnition 

A olume C c 

Odds 


T75 or less 

One normal in 1,450 

Oligun 1 ^ 

793 oi less 

One normal m 1,030 


811 or less 

One normal in 

741 


829 01 less 

One normal in 

527 


817 or less 

One normal in 

385 


864 or less 

One normal in 

286 


882 or less 

One normal in 

213 

Houbtful 

900 or less 

One normal in 

162 


918 or less 

One normal in 

122 


930 or less 

One normal in 

93 


973 or less 

One norma] in 

72 


971 or less 

One normal m 

56 

\ornnl 

1 343 01 less 

One normal in 

2 


1,719 or more 

One normal m 

56 


1,737 or more 

One normal in 

72 


1,754 or more 

One normal in 

93 

Doubtful 

1 772 or more 

One normal in 

^9.9. 


1,790 or more 

One normal in 

160 


1,808 or more 

One normal in 

213 


1 823 or more 

One normal in 

286 


1 843 or more 

One normal in 

385 

„ , f 1 861 or more 

One normal in 

527 

i'OiMim j 

1 1,879 or more 

One normal in 

741 

! 

1 897 or more 

One normal in 1,030 

! 

1 1,915 or more 

One normal in 1,450 


noimal peison hating as gieat oi a greater deviation from the average 
than those represented by the tabulated volumes It is, of course, easy 
to say which t olumes are certainly normal and which are as certainly to 
be classified as oliguria or polymia The probability that volumes 
Inch fall in the doubtful zones belong to the normal or to the abnormal 
can be 3 udged from the magnitude of the odds against any normal person 
gn ing 3.S great oi greater deviations fioin tlie average 


B CONDITIONS 

Reshutwn of JVafe, Intake, Twelve Hour Night Collections — 
The subjects nere required to abstain from all fluids after breakfast 
until the next mormng when the collection of a twelve hour night urine 
was completed Lnder these conditions the average volume of urine 
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was 381 cc with a standard deviation of ± 112 5 cc and a vaiiabiht} 
of 29 5 per cent The odds for given volumes aie tabulated in Table 2 
These figuies aie deiived from ninety-four measurements on sevent}- 
fiA e noi mal adults 

C, CONDITIONS 

Restuchoii of IVafei Intake, Uiea Admimst) atwn , Tzuelvc How 
Ntght Collection — The subjects took no fluids of any sort fiom 6 a m , 
except that at 6 a m and at 6 p m , 20 gm urea in 200 c c of watei 
weie taken Urine was collected from 6 p m to 6 a m We ha^c 
thirt}’- measurements on twenty-three noimal adults The average is 


TABLE 2 — DcriNinoN or Oliguriv and Poi\uria 
Conditions Restriction of water intake, twelve-houi night collection 


Definition 

Oligmn 


Doubtful 


>oriml 


Doubtful 


Poly 111 la 


Volume of Night Urine, 
12 Hours, C c 
21 or less 
32 or Jess 
43 or less 
55 or less 

or. or less 
77 or less 
SS or less 
100 01 less 
111 or less 
122 or less 
133 or less 
144 01 less 

3S1 or less 

017 01 moit 
028 or moie 
040 or more 
051 or more 
002 or more 
073 or nioio 
084 oi more 
095 01 more 

707 or moi e 
718 or more 
730 or inoic 
741 or more 


Odds 

One normal in 1,450 

One normal in 

lOoO 

One normal m 

741 

One normal In 

527 

One normal m 

385 

One normal in 

285 

One normal in 

213 

One normal in 

102 

One normal in 

122 

One normal in 

93 

One normal in 

72 

One norm il in 

55 

One normal in 

2 

One normal In 

50 

One norm il in 

72 

One normal in 

03 

One normal in 

122 

One normal In 

152 

One normal in 

213 

One normal in 

280 

One normal in 

385 

One nonnal in 

527 

One normal in 

741 

One normal in 1 030 

One normal in 1,450 


639 cc , the standaid deviation is ± 153 5 cc and the variability is 
24 0 per cent The odds foi vaiious volumes aie given m Table 3 

D conditions 

Laige Watei Intake, Uiea Adnmnstiatwn, Howly Collections at 
Height of Diniesis — These collections weie made under the conditions 
of the latio test, which has already been desciibed^ The largest of 
the thiee houily volumes was taken The a^erage of thiity-five 
measurements on twenty-five normal adults was 643 c c , the standard 
deviation was ±88 cc and the Aanabilih was 13 7 pei cent The 
odds aie given in Table 4 


2 Addis Aich Int Med 30 378 (Sept) 1922 
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TABLE 3 — Definition or Oliguria and Polyuria 

Conditions Restriction of water intake, administration of urea, twelve- 

hour night collection 
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II NYCTURIA 

Nycturia signifies an increase in the amount of urine excreted dur- 
ing the night as compared with the day Although the word has 
hitherto been used to denote changes in the proportion of the night 
volume only, there does not seem to be any good reason why it should 
not be employed to indicate the excretion during the night of an 
unusually large pioportion of the solid constituents of the urine 
Definitions of nycturia for urea as well as for urine volume are there- 
fore given 

TABLE 5 — Definitiox of Nycturia 

Volume of urine during night as percentage of twenty-four hours volume 
Conditions Constant low water intake, urea administration 



Aight Volume ns Percentage 


Definition 

of 24 Hours’ Volume 

Odds 

No nrcturn 

1 33 8 or more 

One normal in 

2 


! 

r 44 98 or more 

One normal in 

56 



45 so or more 

One normal in 

72 



1 46 03 or more 

One normal in 

93 

Doubtful metuna 

1 

46 58 or more 

One normal in 

122 


1 

47 10 or more 

One normal in 

162 


i 

1 

47 62 or moie 

One normal in 

213 


1 

48 17 or more 

One normal in 

286 


1 

48 70 or more 

One normal in 

3S5 


f 49 22 or more 

One normal in 

527 

Nycturn 


1 49 75 or more 

One norm il in 

741 



1 50 30 or mori 

One norm il in 1 030 


TABLE 6 — Definition or Nicturia 

Urea m night as percentage of urea in twentv-four hours Conditions 
Constant low water intake, urea administration 

Kigbt Urea is Percentage 

Definition of 24 Hours’ Urea 

Odds 

Nonjctuiia 1 33 4 or more 

One normal in 

2 

f 40 02 or more 

One normal in 

d(i 


40 33 or more 

One normal in 

72 


1 40 64 or more 

One normal in 

93 

Doubtful nj cturla 

40 96 or more 

One normal in 

122 

41 28 or more 

One normal in 

162 


41 91 or more 

One normal in 

213 


41 59 or more 

One normal in 

286 


42 22 or more 

One normal in 

385 

f 42 53 or more 

One normal in 

527 

Nycturia j 

! 42 85 or more 

One normal in 

740 

1 43 16 or more 

One normal in 

1 030 


A CONDITIONS 

Constant Lotv fVater Intake, Uiea Adnumsti aiion — The night 
urine was collected fiom 8 p m to 8 a m under the dietar} conditions 
already given The average percentage of urine volume and of urea 
to the twenty-four hour excretion was calculated for the fourth, fifth 
and sixth days, 20 gm urea having been given at 8 a m on each of 
these days There are twenty-eight observations 

The average percentage of the twenty-four hour urine volume 
excieted during the twehe hours of the night was 33 8 per cent , the 
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standard deviation was ± 5 32 per cent , and the variability was 15 7 
per cent The odds for various percentages are given in Table 5 

The average percentage of the twenty-four hour urea excreted din- 
ing the night was 33 4 per cent , the standard deviation was ±315 
per cent , and the variability 9 4 per cent Table 6 gives the odds 


C CONDITIONS 

RestncHon of Watei Intake, XJiea AdimwsU ation — From 6 a m 
no fluids of any sort were taken, except that at 6 a in and at 6 p m 


TABLE 7 — Definition of Nycturia 

Volume of night urine as percentage of twenty-four hours’ urine Conditions 
Restriction of water intake, urea administration 



Night Volume as Percentage 


Definition 

of 24 Hours’ Volume 

Odds 

No nycturia 

1 43 0 or more 

One norm il m 

2 



' 53 46 or more 

One normal in 

56 



53 95 or more 

One normal in 

72 



54 45 or more 

One normal in 

93 

Doubtful nycturia 


54 95 or more 

One normal in 

122 



55 45 or more 

One normal m 

162 



55 95 or more 

One normal in 

213 



56 45 or more 

One normal in 

286 



56 95 or more 

One normal in 

385 



f 57 45 or more 

One normal in 

527 

Njctuna 


[ 57 95 or more 

One normal in 

740 



1 58 45 or more 

One normal in 1 030 


TABLE 8 — Definition of Nycturia 

Urea in night urine as percentage of urea in twenty-four hours Conditions 
Restriction of water intake, urea administration 


Urcn in Night Urine ns Percentage 


Definition 

of 24 Hours’ Urea 

Odds 

No nycturia 

1. 52 2 or more 

One normal in 

2 



6208 or more 

One normal in 

56 



62 55 or more 

One normal in 

72 



63 00 or more 

One normal in 

93 

Doubtful njctuin 


63 48 or more 

One normal in 

122 



63 95 or more 

One normal in 

162 



64 42 or more 

One normal m 

213 



64 90 or more 

One normal in 

286 



[ 65 36 or more 

One normal in 

385 



f 65 84 or more 

One normal in 

527 

Njctuna 


1 66 30 or more 

One normal in 

740 



1 66 78 or more 

One normal in 1,030 


a solution containing 20 gm urea in 200 c c of water was administered 
There were thirty observations on twenty-three normal adults 

The average percentage of the twent 3 '’-four hour urine volume 
excreted during the tivelve hours of the night was 43 0 per cent , the 
standard deviation was ±4 98 per cent , the variability was 11 6 per 
cent In Table 7 the odds are tabulated 

For the urea excretion the average was 52 2 per cent , with a stand- 
ard deiiation of ±4 70 per cent and a variability of 9 0 per cent 
Table 8 gues the odds , 
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OBSERVATIONS ON PATIENTS WITH BRIGIIT’s DISn\SL 
We ha\e only scattered observations under most of the conditions 
outlined in the preceding section, but undei both B and D conditions we 
have 113 volume measurements on the same group of eighty -six patients 
These were an unselected, consecutively observed, gioup m all ot whom 
measurement of the amount of effective renal tissue vas made b) means 
of the urea ratio test recently described- Undei B conditions the 
patient abstains from all fluids until next moining The night uiine 
from 6 p m to 6 a m IS collected Undei D conditions the patient 
IS given 1,000 cc of water with urea at 6 a m and drinks 500 cc of 
water eiery hour thereafter until 11a m The largest of three hourly 
collections of urine made between 9 a m and 12 noon is taken The 
volume obtained after lestnction of fluids (B conditions) vill be called 
the minimum volume, and the laigest volume after water drinking 


TABLE 9 — Urine Volumes Compared with Ure\ R\tios 
113 observations on 86 Patients Average Percentage dcMations from the 

normal average 



Number of 

MaMmiim 

Minimum 



Observa- 

Volume 

Volume 

Urea Ratio 

Diagnosis 

tions 

Percentage 

Percentage 

Percentage 

Glomerular ncphntislDKTusc 

S 

— lU 

-t- 0 

-03 

tFoeal 

22 

—12 

—10 

—27 

fTovic 

13 

—15 

— s 

—15 

N eplirosis 1 Pregnanci 

S 

-27 

—10 

—25 

ICrj’Ptic 

9 

—^5 

-13 

—IS 

iPyogenic 

(> 

-S3 

—70 

-S3 

Rcnil niteriosclerosis 

32 

—20 

— 0 

—35 

Renal sclerosis 

15 

—71 

-IM 

_5> 


(D conditions) will be referred to as the maximum \olume We have 
thus m these patients an opportunity to compaie the changes m urine 
volume under twm diverse conditions wuth the changes m the amount 
of secreting tissue produced by the disease processes in the kidney In 
Table 9 the cases have been classified in accoi dance with a system wduch 
wall be described in a later paper The average results of the three tests 
are given as ± percentage deviations from their respective noimal 
averages, so that they are directly comparable 

As regal ds the maximum volume. Table 9 sbow^s that it is less than 
normal in all forms of Bright’s disease In diffuse glomerular nephritis, 
in pyogenic nephrosis and in renal sclerosis the deficiency is Ter} pro- 
nounced If the maximum volume results aie compared with the urea 
ratio results, it will be seen that in most cases there is a marked 
parallelism betw^een the degree of i eduction in urine volume and the 
deeree of reduction in the amount of effectne renal tissue These, 

O 

howiever, are average figures The agreement in indnidual ca'^es is, of 
course, much less close 

With the minimum Tolumes a Tery significant abnormality is found 
only in p}ogenic nephrosis and in renal sclerosis and m both the Tolumes 
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are larger than normal In these two groups the degree of increase 
in urine volume is not dissimilar from the degree of decrease in the 
urea ratio, but a considerable reduction m the amount of effective 
renal tissue can occur without any change in minimum volume, for in 
diffuse glomerular nephritis with a — 63 per cent latio the minimum 
volume IS normal 



Some Idea of the individual variation m the relation between urine 
t olume and renal tissue changes can be obtained from Figures 1 and 2 
The inavimum and minimum volumes are plotted on the ordinates 
agains the urea rates on the abscissa I„ each case the limits of 
normal, doubtful, and abnormal values are indicated 
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Figure 1 shows that some patients with noimal latios may have 
abnormally low maximum volumes, and also that an abnoimal ratio is 
not necessarily associated wuth an abnormal volume unless the ratio 
IS very low 

Figure 2 show^s that it is only in some cases with very low latios 
that any definite abnormaliU in minimum volume is found 



Fig 2 — ^The relation between the minimum ^oIume and the amount of 
secreting tissue in the kidnej 

It was not to be expected that any close relation betw'een urine 
volumes and urea ratios ivould be found because in a large number of 
our patients theie iveie many other pathologic factors than a reduction 
in the size of the kidney which might ha^e had an influence on the 
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urine volume But all these many factors may be classified as extra- 
renal, and it may be said that all abnormalities m urine volume arise 
either from renal or from extrarenal causes or from both The recog- 
nition of any special characteristics of abnormalities of urine volume 
due to renal causes which would allow of their separation from volume 
abnormalities due to extrarenal causes, would be of clinical importance 
from many points of view, especially, perhaps, because such a distinction 
would constitute a renal test of the utmost technical simplicity since 
nothing more than a measurement of urine volume would be needed 
A consideration of the results obtained indicates that m some degree at 
least this distinction can be made 

When a patient has a urea ratio of 10 or less, his renal secreting 
tissue has been so extensively rendered functionless that we may be 
certain that his urine volumes have been influenced by purely renal 
causes There is one respect in which the volume results m these low 
ratio cases differ from those observed in patients whose urea ratios are 
normal When large amounts of water aie given to patients whose 
kidneys are very much reduced m size, their maximum volumes aie 
shown in Figure 1 to be considerably less than normal On the other 
hand, when fluids are restricted. Figure 2 shows that their ^olumes 
tend to be greater than normal A reversal in the direction of the 
abnormality when the conditions are reversed is thus a distinctive feature 
of abnormalities of urine volume in which renal causes are operative 
The same fact is demonstrated in Table 9 The two forms of Bright’s 
disease which have the most extreme reduction in the amount of renal 
tissue are pyogenic nephrosis and renal sclerosis The maximum 
volumes of these groups are much less and their minimum volumes 
much greater than the normal average 

There is no such reversal of the direction of abnormality with 
change in the conditions in those patients whose kidneys have been 
only slightly, if at all, reduced in size, although such cases may show 
some degree of abnormality in either maximum or minimum volume 
Thus in some cases the maximum volume may be low because the water 
which IS given is retained for a long time in the stomach But when the 
patient is given no fluids, the minimum volume is not found to be 
higher than normal If a patient with edema happens to be unload- 
ing the retained fluid, his minimum volume may be too great, but when 
he IS given large quantities of watei to drink, his maximum volume 
^Mll not be too small, it is, in fact, often larger than usual Or, if a 
patient s tissues have an abnormal affinity for water, a considerable 
part of the water he takes may remain in his body, and his maximum 
volume may be too low But unless there is an advanced renal lesion, 
his urine ^ olume will not be too high when fluids are restricted , on the 
contrary it is usually too low Under diverse conditions extrarenal 
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causes tend to produce abnormalities in the same direction Renal 
causes produce abnormalities in opposite directions 

It follows that wlien renal causes produce urine volume abnormalities, 
the quotient obtained by dividing the maximum volume by the minimum 
volume will be very low This must be so because the dividend is 
decreased and the divisor is increased When extiarenal causes are 
operative, the change m the volume quotient is less marked because if 
the dividend is decreased the divisor will lemain noinial or be decreased, 
01 if the divisor is increased the dividend will remain normal or be 


TABLE 10 — Definition of Relation Between Maximum and ^Minimum 

Urine Volumes 

The nuiiibei of times by which the maximum volume exceeds the 

minimum volume 



Maximum Volume 



Definition 

Minimum Volume 

Odds 



I 0 75 or less 

One normal in 1 450 

4bnoinnlh loi\ 


1 4 

or less 

One norm il in 

1,030 


20 

or less 

One normal in 

741 



26 

or less 

One normal in 

527 



32 

or less 

One normal in 

383 



38 

or less 

One nonnal in 

286 



4 4 

or less 

One normal in 

213 

Doubtful 


50 

or less 

One normal in 

102 


56 

or less 

One normal in 

122 



62 

or less 

One normal m 

03 



68 

or less 

One normal in 

72 


I 

7 4 

or less 

One normal in 

Vi 

Nonn il 


20 2 

or less 

One normal in 

0 



33 0 

or more 

One normal in 

56 



336 

or more 

One normal m 

72 



34 2 

or more 

One normal in 

03 

Doubtful 


34 8 

or more 

One normal in 

122 


35 4 

or more 

One normal In 

102 



36 0 

or more 

One normal in 

213 



366 

or more 

One normal in 

286 


I 

37 2 

or more 

One norm il in 

383 



f 37 0 

or more 

One normal in 

527 

\hnonii illv liigli 

i 

38 4 

or more 

One normal in 

711 


391 

or more 

One normal m 1,030 


I 

1 39 7 

or more 

One normal in 

1 450 


inci eased Theie is, theiefore, good reason to believe that what we may 
call the volume quotient will be of value in distinguishing between 
lenal and extrarenal causes of urine volume abnormalities 

Unf 01 tunately, we do not have an adequate standard of normality 
for the volume quotient Oui standaids for maximum and minimum 
\olumes weie obtained at different times on separate groups of normals, 
and since then we have been able to collect only thirty-two observations 
on thirt 3 -one subjects This is inadequate because the quotient 
necessarily cairies the variability of both divisor and dividend and a 
considerably laiger numbei of observations should ha\e been made 
The average quotient was found to be 20 2 with a standai d de\ lation 
of ±6 08 and a vai lability of ± 30 2 per cent The odds for various 
quotients aie gnen in Table 10 
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In Figure 3 the quotients of individual patients are plotted against 
the results of the urea-ratio test No patients with normal ratios have 
abnormal quotients and no patients with a ratio of 10 or less have normal 
quotients 

The principle on which the volume quotient test is based is, I believe, 
a sound one, but it seems likely that the conditions used in carrying it 



Fig 3 The relation between the \olume quotient, i e 
and the amount of secreting tissue m the kldne^ 


maximum ^olunle 
minimum volume 


out can be improved This is the mam reason vhy a more reliable 
standard of normality was not obtained The normal “minimum” 
volume, especialb, is highly variable and rarely approaches the true 
minimum The variability is probabi) due. m the mam to differences 



ADDIS— AB\ORMAL URINE VOLUMES 795 

in the amount of “stoied” watei m the tissues of normal persons so that 
even after fluid restriction the night unne has still, m some cases, a 
considerable volume If abstention from fluids were continued until 
the appearance of some such evidence of excess water depletion as a 
pronounced thirst, the volumes would probably be more constant and 
closer to the tiue minimum But there are practical difficulties in that 
direction The night urine is convenient and has a volume so con- 
siderable that errors from incomplete emptying of the bladder are 
probably not laige Certainly no short time collections would be feasible 
aftei fluid restriction We are trying to find conditions which will 
combine convenience with a greater degree of strain and greater 
unifoimity than our piesent method imposes A properly conditioned 
volume quotient would be a useful lenal test because it would have no 
technical difficulties of measurement and would m some degree fiee the 
physician from dependence on the laboratory 

There does not, however, seem to be any piescnt piospect of a 
quantitatn ely accurate renal test based on urine volume measurements 
alone It is true that water can be ingested m much larger quantities 
than can any other substance, and if it were possible to get so large an 
amount into the blood that the water excreting capacity of the kidneys 
were overtaxed, we might expect to find a direct relationship between 
the amount of secreting renal tissue and the magnitude of the volume of 
mine excreted during a given time But experiments with rabbits have 
convinced us that the renal capacity cannot be overtaxed by any amount 
of water it is at all piactical to administer We are thus obliged to 
measuie the amount of water in the blood But even when a pro- 
nounced diuresis has been induced by water dnnkmg, the increase in 
the total water content of the blood is slight This fact has been 
1 eemphasized by Haldane and Priestley ^ and we have made the same 
observation It is only that relatively small part of the total water of 
the blood which is available for excretion by the kidney which should 
be measured, but we have no means of determining the amount of this 
fraction alone Until such a method has been developed, it is not 
possible to determine the ratio between the water in the urine and the 
free water in the blood, the figure which, if it were obtained under 
appropriate conditions, would probably give the most accurate indi- 
cation of the water excreting capacity of the kidneys and would bear 
the closest relation to the amount of renal secreting tissue 

CONCLUSIONS 

1 The terms oliguria, polyuria and nyctuna have been statistically 
defined by reference to the distribution of urine volumes and of urea 


3 Haldane and Priestley J Physiol 50 296, 1916 
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excretion found in normal adult subjects under fixed conditions designed 
to put a strain on the water and uiea excreting capacit} of the kidne} 
The following distributions were found , 


OLIGURA AND POL\ URI V 


Conditions 

Average 

Cubic Centime rs 

Standard Deviation 
Cubic Centimers 

Variabiliti 
Per Cent 

A 

1345 

±178 0 

13 2 

B 

381 

±1125 

29 5 

C 

639 

±153 5 

24 0 

D 

643 ± 88 

N\ CTURIA 

1 Volume of Urine 

13 7 

Conditions 

Average 

Per Cent 

Standard Deviation 

Per Cent 

VariabiliU 
Per Cent 

A 

33 8 

±5 32 

15 7 

C 

43 0 

±4 98 

2 UREA 

116 

Conditions 

Average 

Per Cent 

Standard Deviation 

Per Cent 

Variabilitj 
Per Cent 

A 

33 4 

±315 

94 

C 

52 2 

±4 70 

90 


2 Ahnoiinalities in uiine volume which aie due to lenal causes aie 
charactei ized by the fact that with a laige intake of watei the \olumes 
are too small, while with a small intake of watei the volumes are too 
laige Extrarenal causes do not produce this leveisal of the direction 
of abnoimahty when the conditions are changed 

3 In those cases in which renal causes of mine volume abnoimahty 
aie predominant, the quotient obtained by dividing the volume per houi 
when a large amount of water has been taken by the volume pei hour 
when fluids are lestricted is much less than the normal average, whereas, 
when extrarenal causes aie operative, the quotient deviates to a lessei 
degree, if at all, from the normal 



STUDIES ON THE PHYSIOLOGY OF THE LIVER 

IV THE ErEECT OE lOTAL REMOVAL OE THE LIVER VETER 
PANCREATECTOMY ON THE BLOOD SUGAR LEVEL 

FRANK C MANN, MD, and THOMAS B MAGATH, MD 

RDCHLSTLR, MINN 

Previous lepoUed studies* on the physiology of the hvei have 
demonstrated that (1) a characteiistic group of symptoms followed by 
death develops after fotal removal of the liver, (2) these symptoms 
are associated with decreasing blood sugar, and the vaiious symptoms 
and death occui at definite blood sugar levels, (3) the injection of 
glucose after symptoms develop abolishes them and restores the animal 
to 1101 mal, and (4) if glucose is administered after hepateciomy in 
amounts sufficient to maintain the blood sugai level at normal oi above 
normal, the characteristic symptoms do not develop, but the animal 
lives for a variable period of time, which is always much longei than 
if glucose had not been administered, and dies following the devclo])- 
ment of a totally different group of symptoms 

These staking and very definite results have proved tliat the main- 
tenace of the normal level of blood sugar is absolutely dependent on 
the livei Furthermore, there is a certain critical level of blood sugai 
below which it is impossible for the oiganism to live The hvei thus 
assumes renewed importance and undoubtedly has a vital function as 
regards carbohydrate metabolism 

Since the classical experiments of Mering and Minkowski " it has 
been known that total pancreatectomy produces glycosuria Many 
investigators have demonstrated that hyperglycemia follows total 
lemoval of the panel eas This effect has been attiibuted to an internal 
secietion of the island tissue of the organ The experiments of Banting 
and Best,“ working in MacLeod’s laboratory, have greatly strengthened 
this internal secietion theory 

From the Division of Experimental Surgerj and Pathologj, and the 
Section on Clinical Laboratories, The Mayo Foundation 

1 Mann, F C , and Magath, T B Studies on the Physiologj of the 
Liver II The Effect of the Removal of the Liver on the Blood Sugar Level, 
Arch Int Med 30 73-84 (July) 1922 Studies on the Plnsiologi of the Lncr 
III The Effect of Administration of Glucose in the Condition Following Total 
Extirpation of the Liver, Arch Int Med 30 171-181 (Aug ) 1922 

2 Mering, J , and klinkowski, O Diabetes mellitus nach Pankreasex- 
tirpation. Arch f exper Path u Pharmakol 26 371-387, 1889 

3 Banting, F G , and Best, C H The Internal Secretion of the Pancreas, 
I Lab & Clin M 7 251-266, 1922 Pancreatic Extracts, T Lab &. Clin M 
7 464-472, 1922 
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It IS evident, therefore, that the two glands, liver and pancreas, 
have a reciprocal action on the concentiation of sugar in the blood 
When the liver is removed the sugar disappears from the blood , when 
the pancreas is removed the sugar increases in the blood The decrease 
of blood sugar following hepatectomy is associated with definite and 
characteristic symptoms leading to death a few hours after the loss 
of liver function The increase of blood sugar following pancrea- 
tectomy is also associated with definite symptoms, but death does not 
occur until several days or weeks after the loss of the pancreas It 
became an important phase of our problem on the relation of the liver 
to carbohydrate metabolism to determine which efifect would be pro- 



Fig 1 Curve 1 At R the pancreas was removed Blood sugar increased 
-ru ^ j usually noted O (twenty-four hours later), liver removed 

T e blood sugar decreased rapidly S, characteristic symptoms developed, and 
, t le animal died Curve 2 The average curve of blood sugar following 
hepatectomy 0, liver removed , S, characteristic symptoms 


duced on the blood sugar le\el by the removal of both glands at varying 
intertals in relation to each other It was essential to determine 
whether the liver was necessary for the hyperglycemia following 
pancreatectomy, and whether the pancreas played an important part in 
the hypogl) cemia following hepatectomy 

"While many investigations on the effect of hepatectomy and pan- 
createctomy have been made, few of them have included a study of 
the effect of removal of the two glands m relation to each other and 
to the blood sugar content The ^^ork of the first ini estigators on 
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hepatectoniy in mammals (Bock and Hoffman, “ Schenck,’ Tang] and 
Harley “) has a bearing on the problem only as regaids the tact that 
the technic which they employed in removing the liver in many 
instances must have also greatly damaged the circulation to the pancreas 
In those experiments in which the circulation was restricted to the 
anterior portion of the body (Seegen,^ KaufmannS) both the liver 
and pancreas were functionally removed In the experiments m u Inch 



Fig 2 — R, pancreas removed O (forty-eight hours later), liver rcmo\cd, 
S, characteristic symptoms An injection of glucose was given The animal 
was restored to normal for a short time but at 5" symptoms again appeared 
Note the increase m blood sugar following pancreatectomy, the subsequent 
decrease following hepatectomy and the development of symptoms uith a blood 
sugar above normal 


4 Bock, C , and Hoffmann, F A Experimental Studien uber Diabetes 
Berlin, H E Oliven, 1874 

5 Schenck, F Ueber den Zuckcrgehalt des Blutes nach Blutent7ichiing, 
Arch f d ges Physiol 57 553-572, 1894 

6 Tangl, F, and Harley, V Beitrag 7ur Physiologic des Blutzuckcrs, 
Arch f d ges Physiol 61 551-559, 1895 

7 Seegen, J Die Zuckerbildung im Thierkorper, ihr Umfang und ihre 
Bedeutung, Berlin, A Hirschwald, 1890 

8 Kaufmann, M Nomelles rechcrches sur la pathogenic du diabete 
pancreatique Compt rend Acad d sc 118 656-659, 1894 
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eMSceration. was employed, (Kaufmann,® Pavy and Siau ®), the pan- 
el eas might or might not have been damaged It is obvious that such 
experiments are necessarily very short and offer no opportunity to note 
symptoms and make other observations It should be noted, however, 
that in all of these expeiiments a decrease in blood sugar was found 

Hedon “ seems to have been the first to remove the liver from 
dogs aftei previously performing pancreatectomy His results are 
inconclusive 

Kaufmann'’ lemoved different portions of the visceia m normal 
and pancreatectomized dogs and observed the blood sugar He was not 
successful in lemoiing the entire hvei and the animals were maintained 



Fig "5 — Cune of blood sugar following pancreatectom}', later hepatectomy 
R, pancreas removed, 0 (seventv-two hours later), liver removed 5, char- 
acteristic symptoms 


under chlorofoim anesthesia He lecords a decrease m blood sugar 
m both normal and pancreatectomized animals 

Marcuse remot ed the pancreas from frogs and noted a marked 
glycosuua He then removed the pancreas and liver simultaneously 
from the same species of animal and no glycosuua was observed 


9 Kaufmann, kl De 1 influence exercee par la suppression partielle ou 
totale de la fonction liepatiquc sur la glj'cemie chez les animaux normaux et 
diabetiques Arch de phjsiol norm et path 8 151, 1896 

10 Pail. F W, and Siaii, R L The Influence of Ablation of the Liver 
on the Sugar Content of the Blood, J Physiol 29 375-381, 1903 

11 Hedon, E Sur la pathogenic du diabete consecutif a I’extirpation du 
pancreas Arch de plnsiol norm et path 4 245-258, 1892 

12 Afarcuse L^cber die Bedeutung der Leber fur das Zustandekommen 

dc' Pankreas-diabetes Ztschr f klin Med 26 225-257 1894 
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Kausch^=^ has made the most extensue investigation of the blood 
sugar following lemoval of both the liver and pancreas He emplo}ed 
geese and ducks He fiist lemoved the luer of a series of normal 
fowls in a manner similar to Minkowski/ ‘ and obtained identical lesults 
with lespect to symptoms and decrease in blood sugar following hepa- 
tectoni) He then remo^ed the luer from fowls fiom which the 
pancreas had been removed from twelve to forty-eight houis pieviously 
He found that the blood sugar deci eased even moie rapidly in the fowls 
which had been pancreatectomized pieceding the hepatcctomy He also 
noted that the pancreatectomized birds had less glycogen m the muscle 
than the noimal contiols and considers this deciease in the iesei\e 



Fig 4 — This curve is composed of the tvo portions of the ciir\c in Figuie 3, 
in order to illustrate the reciprocal action of the liver and pancreas as regards 
blood sugar The removal of the pancreas, R produces an immediate increase 
in blood sugar, while removal of the liver produces an ccpialh characteristte 
decrease 

suppl}^ of caibohydiate the cause for tlte mote precipitate decrease in 
blood sugar when both glands weie i emoted 

MacLeod and Peaice’' studied the results of disappeaiance of 
sugai m eviscerated dogs, normal animals and those pret lotish panel ea- 

13 Kausch, W Der Zuckerverbrauch mi Diabetes mellitus des Vogels 
nach Pankreasextirpation, Arch f exper Path u Pharmakol 39 219-244, 1897 

14 Minkowski, O Ueber den Einfluss der Leberextirpation auf dcii Stoft- 
uechsel, Arch f exper Path u Pharmakol 21 41-87 1886 

15 Macleod, J J R , and Pearce, R G The Sugar Consumption m Xor- 
mal and Diabetic (Depancreated) Dogs After EMSceration 4.m J Plnsiol 
32 184-199, 1913 Further Obseriations on the Rate at Which Sugar Dis- 
appears from the Blood of Etisceratcd Animals '■\m J Phtsiol 33 378- iSl 
1914 
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tectomized While their results were quite variable, they obtained a 
decrease in blood sugar in both senes of experiments It should be 
noted that such experiments necessarily require the continuous use of 
anesthetics or other means of maintaining unconsciousness 

A survey of the previous work on the blood sugar level following 
removal of both liver and pancreas shows that a decrease has almost 
invariably occurred However, with the exception of the experiments 
on ducks and geese m which the portal system anastomoses with the 
systemic venous system, the results of the experiments were not 
conclusive 
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Fig 5 — Curve of blood sugar following pancreatectomy and hepatectomy 
R, pancreas removed, O (ninety-six hours later), liver removed 5', character- 
istic sjmptoms developed 


METHOD OF EXPERIMENTATION 

All of our operations were performed undei ether anesthesia and 
with sterile technic The animals (dogs) were prepared for removal 
of the liver by the two preliminary operations previously described 
The pancreas was then removed, employing the usual technic At 
var}'ing periods of time after pancreatectomy the liver was removed 
The blood sugar was estimated at varying intervals throughout the 
experiment After pancreatectomy the animals were given a milk diet 
The methods employed for obtaining blood specimens and estimation of 
blood sugar were the same as those previously described 
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Total Removal of the Lwei and Paiiocas at the Same Time — 
When the pancreas and hver aie removed at the same operation the 
lesultant condition is the same as though only the hver had been 
lemoved The blood sugar decreases, and associated with this decrease, 
the characteristic symptoms which follow hepatectomy develop The 
curve of blood sugar is the same as when the hvei alone is remo\ed 
The injection of glucose restores the animal to normal Usually the 
animal does not live as long after operation as when only the luei is 
lemoved, but otherwise the pancreatectomy does not seem to exeit an} 
eftect on the resulting condition 

Total Removal of the Livei fiom Ttvcniy-Foiu to Foi t\-Eighf 
Homs Afte) Panel eatectomy — The blood sugai level is usuall} fiom 
two to foui times gieatei than normal, from twenty-foui to forty- 
eight hours aftei total pancreatectomy Wdien the hvei is iemo\cd at 
this time the decrease in blood sugai takes place immediatclv and is 



Fig 6 — Curve of blood sugar following total pancreatectomy and partial 
hepatectomy This curve is a continuation of the curve given m Figure 7 
At R-0 the pancreas and approximately 40 per cent of the luer were rcmo\ed 
Note that the blood sugar remained almost normal during the succeeding da\s 
although the animal was on a milk diet and developed the other characteristics 
of a pancreatectomi7ed animal 

most marked The chai actei islic symptoms associated with hepa- 
tectomy develop, but they appear earlier than if only the luer has 
been lemoved and usually appear at a much higher blood sugar let el 
The animal is lestored to normal by the injection of glucose, but it 
soon develops symptoms again and dies within a few hours aftei 
lemoval of the Inei 

Total Removal of the Lxvei fiom Foity-Eiqht to Nincty-Six Houi'; 
Aftei Panel eatectomy — The blood sugar let el usually remains fault 
constant at from four to five times above normal from forty-eight to 
ninety-six houis aftei total removal of the pancreas When the liter 
is lemoved duiing this interval, folowing pancreatectomy the decrease 
in blood sugar takes place immediatel}’- and is most marked Within 
two hours after hepatectomy the charactei istic symptoms appear but 
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they develop at a blood sugar level which, although consideiably below 
the preoperative level, is still above norrnal The injection of glucose 
produces a fleeting restorative reaction but the animal soon passes 
into coma and dies 

Total Removal of the Livet Mote than Nmety-Six Honrs Affet 
Panel eatectomy — Coma has followed the anesthesia and operative pio- 
cedure of hepatectomy in all animals in which the liver was lemoved 
more than ninety-six hours aftei total pancreatectomy 

Paitial Removal of the Livet Befote and Aftet Panct eatectomy — 
As our results indicated that the hyperglycemia following pancrea- 
tectomy was dependent on the piesence of the liver, it seemed desirable 
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Fig 9 — R, pancreas removed, O, liver reiimved N, normal, S' character- 
istic symptoms, D, fowl died 


to determine whether a partial lemoval oi the livei would affect the 
change m blood sugai level following pancreatectomy In the first 
cxpeiiments we remoted the pancreas from normal dogs, and a few 
days later, when a maiked hyperglycemia had developed, various poi- 
tions of the lu ei were removed Subsequent to the partial hepatectomy 
the blood sugar decreased but did not leturn to a noimal level The 
totalh pancreatectomized animal did not withstand the subsequent 
operation well and the results of the experiments were inconclusive 
In the next series of experiments portions of the liver weie remoied 
at the same time as the pancreas The hyperglycemia resulting from 
the pancreatectomy was not so great, but otherwise the same results 
were noted as when the Iner was left intact 
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It has been emphasized b} oui pieMoiib cxpcnments and those of 
othei mvestigatois, that only a small poition of the normal Incr is 
necessar} foi the maintenance of its function In a picMous aiticlc^*’ 
we repoited a method for producing chronic msuflrcienc} of the Iner 
Briefly, the method consists in removing a poition ot the Inei of an 
animal in which an Eck fistula has been made a consideiable time 
befoie Such a hvei does not seem capable of legeneiating to any 
great extent and consequently its function can be gieatly reduced 

^Ve, therefoie, tried remoMiig the panel eas and a poition of the 
Inei from an animal in which an Eck fistula had been made seveial 
weeks before Total lemoval of the pancieas and paitial iemo\al of 
the Inei m such an animal does not i^roduce maiked changes in blood 
sugai In fact, m one animal the blood sugar lemamed within 
normal limits foi ten da}s aftei operation and theie was no glycosuiia, 
although the animal exhibited the geneial appcaiance of hawng been 
pancreatectomized 

DISCUSSlOiX 

The lesults of the expeiiments aie \eiv definite as legaids the 
Inei, and then inteipietation seems evident They plo^e conclusively 
that the liver is absolutely necessaiy for the maintenance of the blood 
sugar level in the hyperglycemic animal in the same mannei as in the 
normal animal The inciease in blood sugai following pancieatectomy 
IS dependent on the piesence of the livei Without an adequate amount 
of functionating Inei tissue, the inciease in blood sugai following pan- 
createctomy could not occui We have thus pio\ed m anothei uay 
that ^^hate^el may be the process of caibohjdrate metabolism, the 
Iner has a vital pait in that piocess 

The results of the expeiiment with legaid to the pancieas aie not 
so deal They do not show why the loss of the pancieas should cause 
the use m the blood sugai, but they do piove that the piesence of the 
Iner is necessary foi this rise It is evident that the deciease in blood 
sugar in the pancieatectomized animal follovnig hepatcctomy is due 
to the total loss of the mechanism foi supplying this sugai, but uhat 
becomes of the sugai in the blood of the pancreatectomized and hepa- 
tectomized animal if it is not utilized is not so ewdent The sugar 
was not eliminated by way of the kidneys because many of the animals 
weie anuiic aftei hepatectomy, and those that did seciete mine passed 
only a small amount of sugar aftei operation It is possible but not 
probable, that enough of the internal secretion of the pancreas was 
present aftei pancieatectomy to account foi the deciease aftei hepa- 

16 Mann F C and Magath T B The Production of Chronic Liver 
Insufficiencj' Proc Am T Plusiol 59 485, 1922 
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tectoni} Another point of interest is the observation that the charac- 
teristic s} inptoms following hepatectomy occur at a much higher blood 
sugar le\ el when the pancreas has been i emoved some time before 

SUMMARY 

The h\ er and pancreas were removed at varying intervals in relation 
to each othei When the two glands were removed at the same time, 
the lesulting condition was the same as though only the liver had 
been remo\ed When the liver was removed from twenty-four to 
ninety-six houis after pancreatectomy, the blood sugar decreased 
quickly and the same characteristic symptoms developed as after 
hepatectoniN, but at a higher blood sugar level The injection of 
glucose restoied the animal to a normal state, but the effect of the 
glucose Yas tiansitoiy The total removal of the pancreas and partial 
lemo^al of the liver in an animal in which an Eck fistula had been 
made vas tollowed by only slight or no increase in blood sugar These 
experiments pio\e that the presence of the liver is absolutely necessary 
loi the h\]ierghcemia following pancreatectomy 



THE PRODUCTION OF URINARY CALCULI BY THE 
DEVITALIZATION AND INFECTION OF TEETH 
IN DOGS WITH STREPTOCOCCI FROM 
CASES OF NEPHROLITHIASIS' 

EDWARD C ROSENOW, MD, \nd JOHN G MEISSER, DDS 

ROCHESTER, MIIvN 

Infection is regaided as a common cause of calcification in tissues, 
but the hypothesis that certain microorganisms which infect man may 
have peculiar power in this respect is not geneiall} believed It was 
suggested to one of us during expeiiments with a streptococcus isolated 
from an excised piece of muscle in a case of calcifying myositis This 
strain was peculiar, in comparison with stiains of streptococci from 
the nioie common forms of myositis, in that it not only produced marked 
lesions in the muscles of rabbits when injected intravenously, hut also 
pioduced very early precipitation of calcium salts m the lesions ^ The 
etiologic relationship of streptococci to the formation of gallstones was 
demonstrated by one of us a number of yeais ago m experimental 
cholecystitis produced by intravenous injection of streptococci from 
cholecystitis m man - 

During the preparation of immune serums, in which repeated 
intravenous injections of dead streptococci having difierent localizing 
povers were made, numerous concretions were found at necropsy m 
the cahces and substance of the kidneys (Fig 1) of the sheep injected 
with a pyelonephritis strain , no other lesions were found 

In a series of expenments m which nephritis followed the devitaliza- 
tion and infection of teeth in dogs with a staphylococcus from a case of 
nephritis, one dog developed pyelitis and cystitis, with marked calcareous 
deposits in the adherent exudate in the pelvis of the kidney and m the 
bladder ^ 

On the basis of these observations it was believed to be worth while 
to attempt to produce urinary calculi in dogs by creating foci of infec- 
tion around the teeth with organisms isolated from the urine and foci 
of infection m persons suffering fiom nephrolithiasis, thus simulating 
the conditions so often present in patients In this paper we shall report 
the results obtained m a senes of experiments witb the streptococci 

*From the Division of Experimental Bacteriology, The Maj'o Foundation 

1 Rosenow, E C, and Ashby, Winifred Focal Infection and Elective 
Localization in the Etiology of Myositis, Arch Int Med 28 274 (Aug ) 1921 

2 Rosenow, E C The Etiology of Cholecvstitis and Gallstones and 
Their Production by the Intravenous Injection of Bacteria, J Infect Dis 19 
527, 1916 

3 Rosenow, E C , and Meisser, J G Electu e Localization of Bacteria 
Following Various Methods of Inoculation and the Production of Nephritis 
by Devitalization and Infection of Teeth in Dogs, J Lab & Clin M 7 707, 1922 
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isolated from typical examples of this disease, a study made possible 
through the cooperation of Dr Braasch and his associates, of the section 
on urology m the Mayo Clinic 

METHOD OF STUDY 

Cultures fiom the catheterized urine of the patients and from foci 
of infection m tonsils and teeth were made on blood-agar and m tall 
tubes of glucose-brain broth The primary culture m glucose-brain 
broth, containing a pure growth or a preponderance of the streptococci, 
was usually first inoculated intravenously into rabbits If lesions of 
the urinary tract, usually of the medulla of the kidneys, developed, 
from which the streptococcus could be isolated, the teeth of dogs were 
inoculated with this strain In some instances the teeth of dogs were 



Fig 1 — Photograph of a colored draiving of the kidney of a sheep showing 
concretions following repeated intravenous injections of a dead streptococcus 
from pjelonephritis (X®/ 4 j 

infected with the primary culture directly from the foci of infection or 
from the urine of the patient 

The dogs selected were actne and well nourished Catheterized 
specimens of urine were normal, and roentgenograms of the kidneys, 
ureter and bladder were negative at the beginning of the experiments 
In detitalizing and infecting the teeth, the animals were covered with a 
sterile sheet, and kept under ether anesthesia by the intratracheal 
method A rubber dam was used to isolate the teeth to be worked on 
The teeth were scrubbed, and sterilized wnth alcohol and tincture of 
lodin, then cut off with sterile bone nippers midw^ay betw^een the incisal 
edge and the gum margin The pulp canal was drilled into with sterile 
dental drills The pulps were remored with sterile broaches, and after 
the hemorrhage had cea<^ed. the bacteria, in dense suspension, were intro- 
duced into the pulp chambers w ith fine capillary glass pipets The canals 
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were then sealed with impervious dental cement or amalgam In most 
instances three cuspids were infected, m a few cases, only the two 
lower cuspids were infected, and in order to deteimine whether the 
streptococci from these artificially produced foci, or bacteria from other 
sources might localize and produce periapical infection around teeth 
from which the pulp had been removed, the fourth cuspid was 
devitalized, but not infected The animals were numbered and 
weighed , they were kept under hygienic conditions and fed a balanced 
ration of dog biscuit, occasionally supplemented by meat A supply 
of water rich m lime salts was constantly before them Cathetenzed 
specimens of urine were examined at intervals In from fifty-one to 
120 days after the infection of the teeth, one kidney was removed from 
each dog by Dr Williamson This afforded opportunity at necropsy 
some time later to compare the findings in that kidney with those of 
the opposite kidney 

Various tests were made to prove the causal relationship of the 
streptococci in the experimentally induced foci of infection to the 
lesions in the urinary tract and the formation of renal calculi Cultures 
were made from the infected teeth, urine, kidneys and renal calculi 
m the dogs The localizing power of the freshly isolated cultures was 
determined by intravenous injection into rabbits Painstaking search 
was made for the organism in the lesions in the kidneys and in, or 
adjacent to, areas in which sections revealed beginning stone formation 

In studying the localizing power of the strains isolated from the 
patients and from the dogs whose teeth were infected, from 3 to 5 c c 
of the primary culture m glucose-brain broth was injected intravenously 
into rabbits of medium size In some instances young cultures in the 
second to the fourth rapidly made subculture were injected Search 
for focal lesions of the viscera, including the medulla of the kidney, was 
made immediately in the animals anesthetized for examination in from 
two to seven days after injection, and as soon after death as possible 
111 those animals that died as the result of the injection The urine 
was cultured and examined for albumin, casts, pus and blood Cultures 
from the kidneys of the dogs and rabbits were usually made from 
small amounts of the pipetted substance of the kidney, occasionally 
from large portions macerated in a mortar, from the teeth with the 
pipetted material from the pulp chamber and infected area m the 
periapical region, and from the crushed calculi after repeated washings 
in sterile salt solution The tissues were fixed in 10 per cent formal- 
dehyd solution and imbedded in paraffin Sections were stained for 
lesions with hematoxylin and eosin, for bacteria by the Gram method, 
and treated by von Kossa’s silver nitrate method to prove that the 
deposits in the kidneys which stained deeply with hematoxylin contained 
lime salts 
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Nine cases of nephrolithiasis were studied In order best to illus- 
trate the results obtained, we shall give detailed experiments in the 
first case studied, and a summary of the results of all the cases 


IIISTORV OF CASE 


Histoiy — A physician, aged 34 years, had repeated attacks of renal colic 
for four years previous to our investigation The first attack occurred about 
SIX months after an attack of pansinusitis, in which there was marked pros- 
tration, fever and pain for three weeks, followed by slow recovery For 
se\eral 3'ears the attaeks of colic occurred only during the cold months, and 
at first were thought to be due to gallstones, but later they proved to be due 
to stones in the right kidney In the autumn of 1918, six months after his 
attack of sinusitis, a rough stone, somewhat larger than a wheat grain, was 
passed This was followed bj hematuria and tne passage of blood clots, and at 
times dull pain in the right loin, and abdomen, but there was no colic for 
twentj -three months October, 1920, after heavy lifting, he had an attack of 
marked weakness, followed bv hematuria The hematuria recurred for two 
days, and for six weeks he had many attacks of severe colic 

Examination Cvstoscopic and roentgen-ray examinations revealed an 
impacted stone m the right ureter, 10 cm from the bladder 


Ti cat mcnt— This calculus was removed by Dr Judd Nov 27,-1920 The 
stone was extremely hard and consisted largely of calcium carbonate Con- 
^alesccnce was uneventful and the patient was free from renal sj'mptoms for 
three months, when they recurred In March, 1921, he passed five soft stones 
He then had intermittent attacks for several months September 28, he had 
sc\eie colic, followed b} chills and fever 

From June 23 to August 5, 1921, the patient was given seven subcutaneous 
injections of a lipovaccine prepared from the strain of streptococcus that was 
inoculated into the teeth of the dogs The dose varied from 340 to 960 millions 
o streptococci He had no constitutional reaction, and there was no change m 
the number and severity of attacks 

From Noy 10, 1920, to Oct 21, 1921, six infected teeth were removed m foui 
sittings All of these had been rendered pulpless some years before One 

^ dying pulp, was removed by simple extraction 
, ’ Severe constitutional reaction followed within five hours and 

this tooS c'^Periments were performed with cultures from 

the kidncjs, prolonged rest and forced feeding, especially with 
Dm, , ^ I • T" '-traclion of Ihe last mfecled 

from iinmri 83>ned twentj pounds, and remained free 

,c dc c Zd '• outomobde tnp, 

side^ tlm f 1 the upper jaw on the left 

nauent develonecf X '"/f During (his attack the 

After the acute svmntn*” but was not aware of passing a stone 

occasions the iiriim \ subsided, the antrum was irrigated on twm 

sodium bicarbonate for c* neutral or alkaline by the administration of 

«■' »■“ front onnary 

co.iffntiT *''' “™’' “"““"y 

amount of albumin Tn n blood, relativelj few' casts, and a small 

im durine a t aS^^^ ^ Icukocvtes were found 

cluring attacks mam were found, and alwajs a moderate increase in the 

the sednnen, .„d l"" 

from the sediment of cilhctm'ed''"necr'’ r°“' ®''’°‘’-t‘8»r-plate cnltnrcs 

lidiim, vicldcd a variable number of smair ‘ n 

t small dr\ usuallv nonadherent colonics 
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of streptococci, surrounded by a narrow greenish /one, often with slight 
hemolysis peripheral to this /one, and a small number of larger, opaque, 
grayish, indifferent colonies of staphylococci The growth in glucose-brain 
broth was usually granular, often with spontaneous precipitation in from 
twenty-four to forty-eight hours Smears yielded long and short chains of 
elongated, nonencapsulated, gram-positive diplococci, varying considerably in 
size Blood-agar plate cultures from the broth, and directly from the urine, 
yielded the two types of colonies described, the green colonies of streptococci 
always predominating in number The morphology of the organisms, and the 
colonies on blood-agar resembled SUcptococcus viudan<: At times it was dif- 
ficult to differentiate the staphylococci from isolated diplococci, or from diplo- 
cocci in clumps Moreover, large and small coccus forms occurred in chains 
consisting otherwise of typical elongated diplococci 


EXPERIMENTAL OBSERVATIONS 

The primary culture m glucose-bram broth fiom the tooth exti acted 
Oct 21, 1921, following which the patient had a reaction, was injected 
into four rabbits All appeared well foity-eight hours after the injec- 
tion, when they were anesthetized All had mild lesions m the kidneys, 
chiefly of the medulla, and two also had hemorrhages of the bladder, 
but were otherwise free from lesions A small amount of albumin, 
blood and pus cells was found m the uiine of three rabbits The 
culture of a lymphoid tag from a tonsillectomy scar produced lesions 
111 the medulla of the kidneys of two rabbits injected intravenously , 
m one rabbit, hemorrhages and infiltiation of the bladder, and arthritis 
also developed 

The localizing power of the culture from the urine was tested by 
intravenous injection into rabbits on seven occasions ovei a period of 
one and a half years Twenty-four rabbits were injected, two died, 
and the others were chloroformed in from two to eight days Lesions 
of the kidneys, chiefly of the medulla, were found in thirteen of the 
animals, of the kidneys and bladder in one, and of the urinary bladder, 
without lesions in the kidneys, in two Lesions of the urinary tract 
developed in sixteen rabbits (66 per cent ) Other tissues were free 
from lesions, with the exception of a few hemorrhages in the mu=cles 
of two of the rabbits 

Of the total of thnty rabbits injected with cultuies from teeth 
tonsillar tag and urine, twenty-thiee {77 per cent ) developed lesions 
in the urinary tract, twenty-one developed lesions of the kidney, six 
of which also had lesions in the urinary bladder, and tivo developed 
lesions of the bladder only 

Intravenous injection of seventeen rabbits wuth the streptococcus 
obtained fiom the teeth of the dogs used in this case produced mild 
lesions of the medulla of the kidneys in tivelve, tivo of these rabbits 
also had slight hemorrhages in the bladder, and tuibidity of joint fluid , 
one rabbit had hemorrhages of the bladder ivithout lesions of the 
kidney, and two rabbits ivere free from lesions All the animals 
survived and were anesthetized in fiom two to four days after injection 
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Four senes of experiments were performed on dogs m this case 
Three series of dogs were inoculated with cultures isolated from the 
urine, and one series was inoculated with cultures from an infected 
tooth 

In the first series the teeth of two dogs were devitalized and infected 
directly with the primary culture from the urine Both dogs developed 
calculi One dog died of distemper forty-six days later The kidneys 
and bladder contained a large number of small, hard calculi , the stones 
in the kidney were often loosely adherent to the mucous membrane of 
the cahces The left kidney of the second dog was removed on the 
fifty-first day It contained grayish-white linear streaks and small con- 



Fig 2 Kidne\ of a dog showing stones in the pelvis, an impacted stone in 
the ureter, dilatation of the pehis, and “ascending” nephritis (X 1) 

cretions in the medulla The operation wound healed without suppura- 
tion but the animal lost in weight, despite the fact that it ate normally 
Later it become inactu e, and lost much of its hair It died seemingly 
of inanition on the se\ ent} -ninth day The light kidney was congested 
contained large and small, nhite almost necrotic areas, often wedge- 
shajied in the medulla and of irregular shape in the coitex The 
capsule stripped readilt The cortex was swollen, the cortical mark- 
mgi, were distinct The pehis was distended wnth wdntish mucopuru- 
lent material m which large, jellowish, angular, rough calculi were 
embedded (Fig 2) The shape of some conformed to the cahces m 
winch the} were found The mucous membrane of the pelvis w'as 
necrotic and hemorrhagic The pus contained numerous hard particles 
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resembling sand In the right ureter theie was an impacted lough 
stone, 3 cm from the pelvis One small stone was found in the opposite 
ureter 2 cm from the seveied end 

The bladder contained cloud}- urine, with much pus, m which maii}^ 
small calculi were found The mucous membrane contained several 
hemorrhagic areas with superficial erosions Aside from cloudy 
swelling, no lesions of other Msceia were found 

The devitalized teeth were markedly discolored, but firm, the 
cement was m proper place , there was no swelling opposite the roots , 
turbid fluid was found in the pulp chambers of all four cuspids The 
two upper cuspids became infected secondarily Smears showed gram- 
negative bacilli, giam-positive diplococci, sometimes in shoit chains, and 
staph3dococci in varying proportions Cultures fiom the infected teeth, 
from the liver, the substance of the kidney, the blood, the calculi and 
the pus m the pelvis of the light kidney yielded the streptococcus 
inoculated, and gram-negative bacilli and staphylococci 

Sections of the right kidney show^ed maiked necrosis of the pelvic 
mucous membiane, marked infiltration, chiefl} by leukocytes, in the 
medulla immediately surrounding the pehis, and radiating areas of 
similar infiltration, in some instances extending along the interlobular 
tubules w^ell into the cortex On the basis of these sti iking results a 
second series of expeiiments, in wduch controls w^ere included, w^as 
performed 

The teeth of four dogs w'eie infected wnth the pnmaiy cultuie in 
glucose-biain broth from the urine of the patient, and the teeth of 
four others, with a suspension of a mixture of arthritis strains of 
streptococci Four additional dogs w^ere placed under the same condi- 
tions wnthout devitalizing oi infecting the teeth One of the foui dogs 
whose teeth w^ere infected wnth the piimar} culture from the urine of 
the patient died of distempei eleven days later Necropsy re^ ealed exten- 
sive bronchopneumonia, cloudy swelling of the viscera, several circum- 
scribed hemorihages m the mucous membiane of the bladder, and 
streptococci and staph} lococci in the urine, but no focal lesions of the 
kidne}s There w^as no evidence of stone formation in the kidne}S, 
nor of periapical infection of the teeth One dog died of distemper 
sixteen days aftei devitalization and infection of the teeth In this 
instance necropsy disclosed mucopurulent exudate in the bronchi exten- 
sive bronchopneumonia, coarse, usually adheient, calcareous particles 
resembling sand m the cahces of both kidneys, but no focal lesions, 
cloudy sw^elhng of the Mscera, and slight evidence of periapical infec- 
tion around the dei itahzed teeth The findings in the other tw o dogs 
w'^ere as follows 

Pathologic Findings — June 23, 1921, the pulps were removed from 
the four cuspids of Dog 17 and the canals infected with the culture 
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from urine obtained from the patient the day previously The urme 
and the roentgen-ray examinations of the dog were negative Sep- 
tember 5, the animal appeared to be well The teeth and cement fillings 
were firm A catheterized specimen of the urine contained a small 
amount of albumin, many leukocjhes and calcium oxalate crystals 
September 24, the left kidney was removed Several small, yellow 



Fig 3 — Roentgenogram showing tliree stones in the right kidney of Dog 17 



grannie^, free and .idherent. resembling sand, were found in the calices 
The medulla and cortex were free fiom gross changes, but micro- 
scopicalh numerous small areas of round cell infiltration were found 
in the cortex, and in the medulla one large area of focal necrosis tvith 
marked connectn e tissue formation in the center, surrounded bv round- 
cell infiltration and ‘=e^eral small linear streaks of lime deposit, with 
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little surrounding infiltration A few diplococci were found in the 
aieas of cellulai infiltiation The wound healed without suppuiation, 
but the dog soon began to lose weight and much hair, and died 
October 20 

A roentgenogram made the day of its death contained three distinct 
shadows of stones in the right kidney (Fig 3) The kidney appeared 
to be noimal on the suiface The capsule stiipped readily The 
cortex, aside from cloudy swelling, was normal The medulla was 
h 3 'peremic, and m it weie numerous small calcaieous deposits m the 
form of small yellowish-white linear streaks and dots, which became 
larger in the region of the pelvis (Fig 4) In the pelvis were three 
hard, yellowish, rough stones, varying m size fiom 2 by 3 mm to 
3 by 6 mm The mucous membrane of the pelvis was hyperemic, but 
otherwise appeared to be normal The light ureter contained a small, 
hard, readily dis’odged stone, 2 cm from the kidney The left ureter 



Fig 5 — Roentgenogram of upper jaw of Dog 17 Note the sharply circum- 
scribed area of rarefaction over the cuspid 

was noimal, as was also the mucous membiane of the bladder In the 
bladdei were numerous small, loose calculi, varying m size from grams 
of sand to 2 mm m diametei 

The urine was acid in leaction, and turbid, and the sediment con- 
tained a large number of desquamated epithelial cells, a few leukocytes 
and erythrocytes, and a tiace of albumin In staining smears of the 
sediment, a moderate number of giam-positive diplococci and an occa- 
sional coccus resembling a staphylococcus, but no bacilli, weie found 
There weie no lesions m the other visceia 

The devitalized teeth were maikedly discoloied, but him, and the 
cement was m the propei place Theie was rarefaction of the bone 
opposite each of the devitalized teeth Over the left upper incisoi uas 
a shaiply circumsci ibed area of firm connectne tissue capping the root 
apex (Fig 5) The rarefied aiea aiound the root of the right upper 
cuspid was laige, and capsulation had not occurred, it was filled with 
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a soft, moist and edematous, partial^ organizing material The pulp 
chambers of all the devitalized teeth contained chocolate colored fluid, 
m which large numbers of gram-positive diplococci, many m short 
chains, and small gram-negative bacilli were found 

Shake cultures in blood-agar of the material from the rarefied area 
around the right upper cuspid contained large numbers of hemolj-tic 



Fig 6 — Short chain of streptococcus adjacent to an area of crystallization 
in a collecting tubule m the medulla of the kidney of Dog 17 Gram (X 1,000 ) 

colonies of gram-negatn e bacilli and green-producing streptococci, and 
colonies of staph} lococci Blood-agar plate cultures from the medulla 
of the kidney from one washed and crushed stone, and from the sedi- 
ment of the urine, did not yield growth, whereas glucose-brain broth 
cultures of the kidney yielded a pure culture of the diplostreptococcus. 



rig 

(X3) 


7 Rough, angular calculi from the pelvis of the left kidney of Dog 18 


and of the stone, streptococci and staphylococci Cultures from 
the canal of the left loner cuspid yielded the streptococcus and 
staph} lotoccus 

^Iicroscopic examination of sections of the right kidne} revealed 
numerous sharp!} circumscribed areas in the medulla in which crystal- 
lization and precipitation of salts were found These areas varied 
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greatly in size, some containing only a few well defined crystals, while 
otheis -were made up of large aggregations of crystalline and amorphous 
material In all of the latter, cellular infiltration was slight, and in 
some, particularly in the areas showing only a few crystals, it \\as 
possible to demonstrate diplococci, and at times streptococci in the 
tissues immediately adjacent to the areas of crystallization (Fig 6) 
June 23, 1921, the four cuspids in Dog 18 were devitalized and 
the pulp chambers infected with dense suspension of the primary 
culture of the urine Blood-agar plates of the suspension inoculated 
yielded almost pure growth of green-producing streptococcus and a 
few staphylococcus colonies Before the inoculation the uiine was 
normal and roentgenograms of the kidney region were negative 

September 24, the dog appeared to be well, and the left kidney was 



Fig 8 — Granuloma over the apex of right upper cuspid of Dog 18 Note 
the irregular cellular infiltration and the invasion of the bonj structure 
Hematoxylin and eosin (X 70 ) 

removed Many small, loosely adherent, irregular calcareous particles 
weie found m the cahces (Fig 7) Cultuies from this kidney were 
negative Microscopic examination of sections levealed one rather 
large area of focal necrosis, with marked leukocytic and round-cell 
infiltration low m the medulla, and a few smaller areas of interstitial 
infiltration A few diplococci were found m the area of focal necrosis 
Recovery following the operation was prompt, and the wound 
healed without suppuration The animal appealed uell October 4, 
but a cathetenzed specimen of urine contained albumin, a few leuko- 
cytes and many calcium oxalate crystals October 25, emaciation uas 
marked The animal was chloroformed 

A roentgenogram of the kidney revealed two small, round shado^^ s 
The capsule stripped readily In splitting open the kidney a grating 
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of the knife edge was noted The cortex was normal The medulla 
contained whitish linear streaks near the pelvis, some of these weie 
calcareous, and m one, projecting into the pelvis, a calculus measuring 
3 mm in diameter was found In the pelvis were two rather large 
stones, and in the calices, six smaller ragged ones, the larger stones 
were free, the smaller ones adherent to the mucous membrane The 
ureters and bladder were free from stones and lesions No lesions 
were found m the other viscera 

The left lower cuspid had sloughed away, the alveolar socket was 
filled with pus, and a subcutaneous fistula had formed Rarefaction 
was found in the periapical region of the remaining cuspids, and the 
areas were filled with dense connective tissue (Fig 8) Sections of 



Fig 9 Diplococci adjacent to bone in granuloma shown in Figure 8 Gram- 
Weigert (X 1,000) 

one of these areas ret ealed marked leukocytic infiltration, varying 
greatl} in intensit), and intasion and absorption of the bony structure 
Diplococci and streptococci were found in the areas of cellular infiltra- 
tion, especially uhere the bone was eroded (Fig 9) The pulp 
chambei s were ot moderate size and contained thick, chocolate colored 
pus. in winch large numbers of gram-positive diplococci, often in short 
chains, were found Cultures from the pus in tw^o of the teeth, and 
Ironi one of three washed and crushed stones, yielded pure growUhs 
ol the streptococcus T hese cultures w^ere injected intravenously into 
tliree rabbits each All the animals were well at the end of forty- 
eight hours, when thei were anesthetized Two m each gioup had 
mild lesions in the medulla of the kidne>. and one in each had lesions 
ot the bladder Two also had a few lesions m the muscles, but no 
lesions were found chewhere The fermentatne power of the’strepto- 
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coecui, fiom the light uppei cuspid was identical to that of the stiepto- 
coccii*^ fioin the kidney of Dog 17 and fiom the urine of the patient 
Glucose maltose, sacehaiose and laffinose weie feimented, while manite, 
sahem and inulin weie not The stieptococcus fiom the stone fei- 
inented glucose, maltose and salicin, but not sacehaiose, raffinose, 
manite oi intilin 

Sections of the light kidney re\ealed a numbei of small shaiply 
ciicunisciibed aieas of inteistitial infiltiation with leukocytes and lound 
cells, and aieas of ^ aiding size containing ciystals resembling calcium 
oxalate m c\hich leukoc}tic and lound-cell infiltiation were absent or 
slight These were hugest in the papillae just beneath the mucous 
memhiane of the peh’is (Fig 10), became piogiessively smaller up 



Fig 10 — Area of crystalliralion, and slight infiltration in medulla adjacent 
to the pehis in the right kidney of Dog 18 Hematoxylin and eosm (+220) 

along the tubules in the medulla, and w^ere absent in the cortex The 
demonstration of organisms in the laigei aieas w^as not accomplished, 
while adjacent to the smallei areas, especially those that still contained 
a few' mfiltiatmg cells and homogeneous exudate, gram-staming diplo- 
cocci, sometimes in short chains, w'ere found (Fig 11) 

The mixtuie of streptococci fiom aithritis inoculated into the teeth 
of foul of the contiol dogs lepiesented four stiains isolated from fom 
cases of subacute arthiitis They were cultivated fiom the joints of 
rabbits that developed aithritis following mtiavenous injection of the 
piimary culture in glticose-biain broth fiom infected teeth oi tonsils 
Each stiain had been kept m dense suspension in glyceiin and con- 
centiated s.ilt solution for fiom one month to six weeks Plating on 
blood-agar of the suspension inoculated yielded a large numbei of 
colonies of gieen-pioducing stieptococci 
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One of these dogs died on the sixty-second day, after marked loss 
in weight No gross lesions of the joints, muscles, or kidneys were 
found One died of distemper five days after devitalization and infec- 
tion of the teeth, and one in fourteen days No stones were found, 
nor was any arthritis noted One dog gained in weight The left 
kidney was removed nmety-nme days after the teeth were infected, 
and the animal was chloroformed on the one hundred and twentieth 
da) Both kidneys and the joints were normal 

A medium sized granuloma was found capping each of the four 
devitalized teeth The pulp chambers of three contained small amounts 
of chocolate colored pus From these the green-producing streptococci, 
a few staphylococci, and gram-negative bacilli were isolated In the 



Fig 11 — Diplococci and leukocytes adjacent to an area (lower portion of 
field) shoiMiig crj stalhzation m the medulla Gram-Weigert (X 1,000) 

other tooth the pulp chamber was dry, and cultures yielded the strepto- 
coccus in pure growth This was injected intravenously into two 
rabbits of the same weight Both animals were disinclined to hop, 
and were anesthetized forty-eight hours after injection One rabbit 
had suppuratne arthritis of both knee joints and one shoulder joint, 
in the other rabbit there was slighter turbidity of the knee joint fluid, 
and marked hemorrhages and edema of the muscles around the knee 
joints near the tendinous ends 

A pure culture of the streptococcus was isolated from the blood 
and joints of each rabbit Four additional rabbits were injected, two 
each with the cultures from the blood of these rabbits, one representing 
a pure arthritis strain, the other a myositis-arthntis strain All four 
rabbits surM\ed ‘=at quieth, and w^ere disinclined to hop They were 
anesthetized fort\ -eight hours after injection The tw^o injected wnth 
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the puie arthnii', stiain de\ eloped suppuiative arthritis of both knee 
loints shouldei and ankle joints, one without lesions of muscles, the 
other with onl\ a tew small hemoirhages m the tendinous end of the 
muscles on the innei side of the left knee joint The two injected with 
the nwositis-aithiitis stiain developed marked peiiarticular hemor- 
rhages of ligaments and adjacent muscles, and relatively slight turbidity 
of the joint fluids, the pictuie of a periarthritis Cultuies fiom joint 
fluids in all again \ielded the streptococcus in puie form No lesions 
were found in the kidne}s of the six rabbits injected 

Of the four additional control dogs, one died of distemper four- 
teen da}s after being placed undei conditions similar to those of the 
dogs whose teeth were dcMtalwed and infected The left kidney of 
each ol the other three dogs w’as remo\ed aftei ninety-nine, ninety- 
nine. and 140 da\s. and the dogs weie killed after 120, 120, and 118 
da\s. resjiecluch The kidney and nnnaiy bladder in all of these were 
free from stones and were othenvise noimal Cultures in glucose- 
hiain hioth from the ajiical ends and jitilps of two vital teeth, and from 
the kidnec structure of two of the dogs pro\ed negative Sections of 
the right kidne} of each of the three dogs w'ere examined and all w^ere 
tree from lesions The urine lemained normal, roentgenograms 
remained negatne, and the animals gained in w^eight and were active 
and playful throughout the experiment 

In the third series of experiments, begun March 8, 1922, there were 
four dogs whose teeth w'ere infected w'lth the primary culture of the 
strejttococcus from the urine of this patient duiing a quiescent interval, 
two dogs w'hose teeth w^ere merely devitalized, and four dogs 
whose teeth were de\italized and infected wuth an aviiulent strain of 
Staphylococcus olbus All of the ten dogs remained well and were 
anesthetized in from thiee to five months Three of the dogs in the 
first group re\ealed small calculi in the medulla and calices at necropsy, 
and microscopic deposits of lime salts and aieas of cellular infiltration 
in the medulla The fourth dog in this group, and the six control dogs 
were free from calculi and other lesions The streptococcus isolated 
from the medulla of the kidneys of the three dogs that had lesions was 
injected intraAenously into ten labbits Seven developed lesions in the 
medulla of the kidneys, three w^ere free from lesions 

The fourth series of expeiiments was conducted on two dogs whose 
teeth were inoculated with the streptococcus from the tooth extracted 
October 21, 1921, and on two control dogs inoculated with the strepto- 
coccus from the tonsils of a patient with vague urinaiy symptoms The 
first tw'O dogs developed gross and microscopic calculi in the medulla 
or calices of the kidneys, and areas of active infiltiation in the medulla 
The control dogs were free from calculi and other lesions 



822 


ARCHIVES OF INTERNAL MEDICINE 


RESULTS IN THE NINE CASES STUDIED 

Owing to the numeious instances of beneficial effects in other 
diseases from the removal of foci of infection and to the results 
obtained in our first case, the tonsils were removed and infected teeth 
extracted m the other patients studied The extracted teeth and extir- 
pated tonsils afforded us opportunity to obtain proper cultures for 
experimental studies 

All of the patients studied weie men Their ages ranged from 33 
to 60 years All were suffering fiom nephrolithiasis, had had typical 
renal attacks of fioin three to twenty years’ duration, and the interval 
from the last attack to the time of our study langed from two weeks 
to nine months A history of acute infection which appeared to be 
a factor m the genesis of the urinary symptoms was obtained from 
three of the patients Cultures were made from the mine of five of 
the patients From three of these mines streptococci, usually with 
staphy ococci and Bacillus colt, were isolated Foci of infection weie 
found in the teeth or tonsils of all The number of pulpless teeth 
showing periapical infection varied from one to seven in each patient 
Most of the infected teeth had been rendered pulpless many years piioi 
to our study The teeth of dogs weie infected with cultures from 
teeth, tonsils, and urine of one patient, from teeth and tonsils of two, 
from infected teeth only of four, and from tonsils only of two 

Tnenty of the thirty-four dogs used in the experiments developed 
calculi and other lesions m the uiinary tract, leadily visible at necropsy 
Twenty-six (75 per cent ) revealed microscopic calculi in the medulla 
of the kidney, and twenty had localized areas of active cellular infiltra- 
tion 111 the medulla Thirty dogs (87 pei cent ) revealed either calculi 
or localized lesions in the medulla, or both Streptococci oi diplococci 
were demonstiated in, or adjacent to, lesions m the kidney in sixteen 
dogs, all of wdnch show^ed actne focal lesions on microscopic examina- 
tion Positive results w^ere obtained m eight of the nine cases In the 
negatue case the teeth of only one dog w'ere infected 

The duration of the experiments yielding positive results w'^as one 
month m two of the dogs, from tw'o to three months m eisfht, from 
thiee to six months in twehe, from seien to eight months m six, and 
ten months in tw o The dui ation of the four negative experiments w^as 
onh ele\en, fitteen, thirt) and foiti-fiie days, respectively, because of 
death from distemjier 

The number of dogs whose teeth were infected noth cultures from 
the patients varied from one to twelve m each case In tw^o cases only 
one dog was lued in three cases two dogs in two cases, four dogs, 
m one ca^e six dogs and in one case twehe dogs w'ere used The 
teeth of eighteen dogs were inoculated with cultures obtained from 
infected teeth six with cultures from tonsils and ten wntli cultures 
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fioiii the mine Twent} of the dogs \\eie anesthetized and fourteen 
died of Intel cm lent infection ot as the lesult of the induced focal 
infection 

In neaih <dl instances cultuies fiom the pus found in the pulp 
chambcis which showed manj stieptococci and leukocytes m smears, 
\ielded stieptococci resembling those inoculated, usually with small 
gram-negati\ e bacilli 1 his was tiue alike of the thiee cuspids infected 
at the time ol the opeitition and the one cuspid iii each dog which was 
meieh dexitalizcd and sealed m a steiile mannei 

The localizing ])ow’cr m labbits of the stieptococcus from the teeth 
wa-' tested at the end of each expeiiment m sixteen of the thirty-four 
dogs 

I ort\-lwo r.ibbits weie injected Focal lesions w^eie found m the 
medulla of the kidne\s m twent\-one Lesions m other oigans were 
rareh obtained Fi\c had lesions m the peiiosteum opposite the roots 
of the mcisors thiee in skeletal muscles thiee m the mjmcardium, two 
m ]omt'' one m the gallbladder and one had ulcei of the stomach 

Of the sixteen dogs tiom who'^e teeth cultuies W’^eie made and 
miccied mtla^enousi^ into lahbits, ten, lepresentmg fom cases, showed 
micTO‘>coj)ic e\Klence of <icti\e focal lesions m the medulla of the kidney 
Of the twentc -eight labbits injected, twxMit\-one dec eloped focal lesions 
m the medulki and se\cn showed no changes The lemaimng six dogs, 
rejircscnting fom cases, showed no micioscopic evidence of active 
lesions in the kidnec and all of the fom teen labbits injected remained 
free from lesions m the kidneys 

Streptococci icsembhng those inoculated into the teeth were isolated 
from the urine at neciopsy in htteen of the tw'enty-thiee dogs m which 
cultures were made from the kidney in secen of tw^enty-seven dogs, 
.ind from renal calculi in thiee of six dogs The positive cultures from 
the urinaic liact W'crc ail obtained from dogs wdiose kidneys showed 
actuc lesions on microscopic examination The primary cultuies of 
the stieptococcus fiom the mine, kidne>, oi calculi of five dogs, repie- 
sentmg thiee cases, w'cie injected intia\ enously into sixteen rabbits 
Of these clecen iccealed localized lesions m the medulla of the kidneys, 
while fi\e lemamed fiee from lesions 

The stajfiiylococcus wdnch w^as isolated m small numbers fiom the 
urme of our hist pcUieni, and fiom seieial stones and some of the 
teeth of the dogs ahvays failed to localize in the kidney on mtiavenous 
injection into labbits and wxas not demonstiable in the areas showmig 
beginning stone formation 

The stiains of stieptococci fiom the difleient cases with which 
])ositi\e lesults w^eie obtained wcic much alike All pioduced small, 
rathei diy, nonadheient gieen colonies on blood-agar plates, all weie 
of a low^ guide of virulency, and pioduced maiked acidity m glucose 
broth 
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The lesions m the kidneys of rabbits following intravenous injec- 
tion were similar to the active lesions in the dogs They were not 
numerous, and not necrotic, and were nearly always small and limited to 
the medulla Those following the injection of the urine cultures were 
the moie pronounced By placing thin pieces of fresh tissues imme- 
diately into solutions of neutral red, and by treating sections of the 
fixed tissues with nitrate of silver, it was found that deposition of lime 
salts occurred m lesions in the kidney, and in a few instances in lesions 
of the myocardium, as early as forty-eight hours after injection 
Microscopic examination of the kidneys of the dogs showed three 
mam types of lesions, sharply circumscribed areas of leukocytic infil- 
tration between the collecting tubules, more diffuse areas of round- 
cell infiltration (Fig 12), and deposits of oxalate crystals (Fig 10) 



Fig 12 — Section of the medulla of the kidney of a dog whose teeth were 
de\itahzed and infected fi\e months previously Note the four areas of cal- 
cium deposit and the linear areas of cellular infiltration Hematoxylin and 
cosin (XSO) 

or amorphous lime salts, with little or no surrounding cellular infiltra- 
tion (Fig 12) The number of bacteria in the lesions was always 
small (Figs 6, 11, 13, and 15), long search was often necessary for 
their demonstration They were never found in normal tissue remote 
from lesions nor in the kidneys of ten dogs in which localized areas 
of cellular infiltration iiere absent and in which the areas of lime 
deposits had healed Sections of other viscera in some of the dogs 
that had stones Mere uniformly free from changes 

COXTROL tXPERIMEXTS 

Besides the tu eh e control dogs in our first case, M'e have studied 
the results in tMent\ -three additional dogs ndiose teeth were infected 
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with cultures of sticptococci oi staphylococci fiom sources other than 
iiejthrohthiasis. and which w'Cie Kept undei the same conditions wnth 
icejard to diet, and so foith, as those inoculated wnth the nephro- 
lithiasis stiains Aieas of raiefaction aiotind the apices of the infected 
teeth Iroin which the inoculated oiganisms w^ere recoveied w^eie found 
in most instances Fue (14 pei cent) of the thnty-five animals 
rcccalcd calculi and lesions of the medulla of the kidneys The calculi 
wcie small and Mtuatcd chiefly in the medulla or cahces Sections 
icNcaled small localised areas of mfiltiation and aieas of lime deposits 
in the medulla, with little or no cellular infiltration, m which diplococci 
were dcmonstiated Since the oiganisms inoculated into the teeth of 
these dogs had no affinity foi the Kidney, it w'as thought that the small 
calculi louiid in this sciics weie of spontaneous oiigin, and that calcuh 



Fig 13 — Diplococci in tlic area of cellular infiltration shown in Figure 12 
Gram (X 1,000) 

in dogs may also be due to infection Thiotigh the Kindness of Dr 
Maidenburgh w'c have had oppoilumty to test this hypothesis experi- 
mentally and are able to include, as a fuithei check on our experiments, 
the results of his routine examination of dogs kept undei similar con- 
ditions during the cotiise of our study Of 433 dogs examined, fifty 
(11 per cent ) had uiinaiy calcuh In most of these the calculi were 
small, flat and loosely adherent to the mucous membrane of the cahces 
None was as large as those illustiated in Figures 2 and 4 The gums 
around the teeth of many showed vaiying degrees of infection Urinary 
calcuh w'cre not found at necropsies performed by one of us on 581 
dogs over a period of ten years According to Fluty ra and Marek,^ 


4 Hutyra, F, and March, J Special Pathology and Therapeutics of the 
Diseases of Domestic Animals, London, Bailliere, Tindall and Cox, 1 1149, 1912 
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calculi weie found in only twelve (0 38 per cent) of 3,301 dogs 
examined at the Dresden Pathological Institute The experience 
of otheis indicates a general low incidence of this condition in 
normal dogs 

The experiments to determine the etiology of spontaneous calculi 
in dogs consisted of culturing the medulla of the kidneys containing 
calculi, and the washed and crushed stones, of testing the localizing 
power of freshly isolated cultures on mtiavenous injection in rabbits, 
and of inoculating the teeth of dogs with the organisms isolated from 
the induced lesions in the kidneys of rabbits Puie cultures of strepto- 
cocci were isolated from the medulla of the kidney or from the stones 
of each of five dogs showing spontaneous calculi One of these pro- 
duced hemolytic colonies on blood-agar plates, one indifferent colonies, 
and three green colonies The indifferent strain was injected into 



Fig 14 — Section of the papilla of a dog that developed spontaneous talculi 
Note the areas of lime deposit, and slight cellular infiltration Hematoxylin 
uid eosin (X50) 

four labbits, and one of the gieen-jyroducmg strains into one rabbit 
All remained well and fiee from lesions, and the strains were lost 
One of the remaining green-pioducing stiains pioduced lesions of 
the medulla of the kidneys in two rabbits injected The primary cul- 
ture of the third green-jiroducing strain isolated from the stone of 
one ot these dogs produced lesions in the medulla in thiee of four 
labbits and one of two dogs injected intra\enously The strain from 
one of the jiositne rabbits pioduced lesions in the medulla of the 
kidne}S of two rabbits, and the strain from the j)ositive dog, in the 
one rabbit injected Cultures fiom the kidneys showing lesions weie 
jiov-itne in e\er3 instance and negatne wdiere no lesions w'cie found 
Cultures from the blood were negative m all Ihe strain isolated 
fioiii the kidnev of this dog culturally and morphologically identical 
to the one isolated from the stones, was without effect in four rabbits 
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iniectcd No lesions were found, and cultuies fiom the kidneys and 
blood w ei e stei ile 

The heniohtic stieptococcus in the third subculture was injected 
intiaxenousl) into two labbits Both developed lesions in the medulla 
of the kidnets, and cultures of the mine and kidneys yielded pure 
growths of the stieptococcus injected This strain pioduced lesions 
in all of thiee labbits injected The cultuie from the kidney of one 
of these was then injected into tw'o rabbits Both died, and marked 
lesions of the kidne\s were found at neciopsy The culture from the 
kidne} of one of these in tiiin was inoculated into the teeth of tw^o 
dog'- 1 hc^ lost w eight but seemed w ell six months later, wdien they 
weie anesthetized Both had de\ eloped cakuli in each kidney, demon- 
'-trable In the loentgen ra^ Sections re\ealcd localized areas of lime 
deposits and circumstiibed aieas of lelatneh slight round-cell mfiltra- 



I'lg 15 — Cham of two diplococci immediately adjacent to the largest area 
of calcium deposit shown in Figure 14 Gram (X hOOO) 

tion in the medulla (Fig 14), in wduch diplococci were demonstrable 
(Fig 15) The streptococcus inoculated into the teeth was isolated 
from the teeth and from the kidney stones and urine in pure culture at 
the end of the experiments The cultures from the stones and kidneys 
produced lesions in the medulla of the kidney in all of seven rabbits' 
injected intravenously, from wduch the streptococcus was isolated m 
pure culture m e\ery instance The blood was sterile m six and con- 
tained the organism in one 

Four control dogs placed under identical conditions during the 
course of the experiment were found free fiom calculi 

SUMMARY AND DISCUSSION 

The sti eptococcus inoculated into the pulp canals was isolated from 
the infected material m the loot canals or the periapical tissues of the 
pulpless teeth at the end of each experiment This was true alike of 
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the three cuspids which were devitalized and infected at the beginning 
of the experiment and of the cuspid which was devitalized but not 
infected In some instances secondary infection by a small gram- 
negative bacillus, and more rarely by a staphylococcus, had occurred 
The streptococci in the teeth in which secondary infection had not 
occurred were especially numerous at the periphery of well formed 
granulomas and where the bone was being absorbed The findings 
around the teeth were similar to those following the devitalization of 
teeth in persons, as practiced in dentistry the infected teeth became 
discolored, but remained firmly in place in the alveolar sockets, the 
infection caused rarefaction and absorption of bone in the periapical 
region without swelling, pain, or tenderness, and the cellular infiltration 
and distribution of the bacteria of well formed granulomas were also 
similar “ The experimentally produced chronic foci, aside from being 
the source of the streptococcus which tended to localize electively in 
the urinary tract, appeared to have a general deleterious effect Some 
of the dogs lost markedly in weight and became more susceptible to 
intercurrent infection This was particularly true in those in which 
unusually large areas of infection around the teeth had developed and 
in which the renal calculi were large This finding supports the 
interpretation by Osborne and Mendel ® of the infectious origin of 
urinary calculi observed in rats (eighty-one of 857) fed on a diet 
deficient in fat soluble vitamins 

It is not clear why the four dogs infected with the arthritis strepto- 
cocci failed to develop arthritis Active infection around the teeth 
was found in all The streptococcus from the pulp chamber in one 
of the dogs inoculated four months previously had retained its affinity 
for the joints of rabbits on intravenous injection It would seem, 
therefore, that the joints of these dogs were not affected because of 
high resistance of these structures to invasion by this organism during 
the relatively short duration of the experiment 

Calculi or lesions of the medulla were produced in 87 per cent of 
the dogs whose teeth were infected with streptococci from the urine, 
infected teeth, and tonsils of nine patients with typical nephrolithiasis 
The duration of the experiment on the dogs in which the findings were 
negatne ^\as too short for stones to form This is m sharp contrast 
to the findings in an equal number of dogs whose teeth were infected 
uith strains from other sources, and to those of a larger series kept 
under the same conditions but in vhich the teeth were not infected 

D Roscnow, E C Studies on Elcctue Localization Focal Infection with 
Special Reference to Oral Sepsis, J Dent Res 1 205, 1919 

6 Osborne, T B , Mendel, L B , and Ferry, E L The Incidence of 
Phosphatic Urinary Calculi in Rats Fed on Experimental Rations, JAMA 
69 32 (Julj 7) 1917 
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The expenmentall} produced calculi weie similar in physical 
properties and chemical composition to those found m nephrolithiasis 
in man The number and size of the stones were often proportional 
to the duration of the experiment The othei findings m the urinary 
tract were also similar to those occurring m patients with this disease 

If albumin pus and blood were present in the urine, there were only 
small amounts . and the lesions m the medulla of the kidneys were 
relatnch slight unless ureteral obstruction from an impacted calculus 
occurred ^\hen marked ascending infection developed just as it 
common!} does m patients with partial obstruction of the ureter, and 
as produced expenmentall} m dogs by Keith and Snowden " 

The streptococcus inoculated into the teeth of dogs was isolated 
from the kidne}s. from some of the stones and from the teeth at the 
end of the experiments, and its electne affinity for the urinary tract 
111 rabbits was demonstrated on intra\enous injection The strepto- 
coccus from the teeth of dogs that show'ed actne lesions m the kidneys 
had retained specific affinit} for the kidne}s of rabbits, while those 
from the dogs that showed no lesions or onl} healed lesions had lost 
this peculiar localizing power The organism w as found m the lesions 
m the substance of the kidney where cr} stalhzation and stone forma- 
tion were beginning 

The results of our expcrniieiits and the clinical study by Keyser and 
Braasch," and others " indicate that the factor of focal and other infec- 
tions should be given thorough consideration in the management of 
cases of nephrolithiasis ^.nd ma} not a stone-forming infection 
account in part for the unusual prevalence of this condition in certain 
localities^ The demonstration of the presence of the microorganisms 
precisel} wdiere precipitation and crystallization begin suggests strongly 
that the niechaiiisni of the production of stone is largely a local process 
and that the reactions incited produce the ph}sicochemical conditions 
necessary, such as the nucleus and organic framewmrk, for the forma- 
tion of calculi The common occurrence, however, of unusually large 
numbers of calcium oxalate and othei crystals m the urine and in the 
medulla of the kidneys of the dogs that developed calculi, and the 
loss m w^eight, suggest that more general effects of infection may also 
play a part 

The conclusion that primary urinary calculi are often due to 
streptococci wduch have elective affinity for the urinary tract and, it 
would seem, specific powder to incite the conditions necessary for their 
formation seems justified 

7 Keith, N M, and Snowden, R R Functional Changes in Experi- 
mental Hydronephrosis, Arch Int Med 15 239 (Feb ) 1915 

8 Keyser, L D , and Braasch, W F The Etiology of Urinary Lithiasis, 
Internal Abstr Surg 34 1, 1922 

9 Mayo, C H Stone in the Kidney, Ann Surg 71 123, 1920 



A STUDY OF MACROPHAGES IN THE HUMAN BLOOD 
WITH SPECIAL REFERENCE TO THEIR PRES- 
ENCE IN TWO CASES OF SUBACUTE 
BACTERIAL ENDOCARDITIS 
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'VND 

MIRIAM E SIMPSON, PhD 

S\N FR\NCISCO 

It IS the purpose of this paper to present two cases of malignant 
endocarditis associated with Sti cpfococcus viudans septicemia, showing 
some unusual cells termed macrophages m the peripheral blood The 
morphologic and functional characteristics of these cells corresponded 
closely with cells produced experimentally m rabbits by one of us ^ 
It IS because of this similaiity that we hope to offer some suggestions 
which may help to clarify the nature and relationship of these and other 
mononuclear cells found in the blood 

The cells which we term macrophages (Metchinkoff, H M Evans) 
because one of their striking characteristics is a marked power of 
phagocytosis, have been s}nonomously termed pyrrhol cells (Goldman), 
adventitia cells (Marchand), histogenous macrophages (F A Evans), 
histiocytes (Aschoff, Kiyoiio), resting wandering or polyblast cells 
(Maximow), rhagiocnne cells (Renaut), endothelial leukocytes (Mal- 
lory), and clasmatocytes (Ranvier), although some of the above terms 
included in their scope additional mononuclear cells to those described 
herein 

A w ide range of pathologic conditions seem to stimulate the pro- 
duction and release of these cells into the penpheral blood, although 
the} have never been found there in normal humans or other mammals 
Thus mononuclear phagocytic cells have been described m active endo- 
carditis by Schilhng,2 Leede,® Hynek,^ and Netousek ® (the latter also 
observing them in experimental septicemias) , in typhoid fever by 

*From the Departments of Aledicine and Anatomy of the University of 
California Aledical School 

1 Simpson, E The Experimental Production of Alacrophages in the 
Circulating Blood, J AI Research 43 77, 1922 

2 Schilling, V Ueber hachgradige Monozjtosen mit Makrophagen bef 

Endocarditis Ulcerosa , etc Ztschr f khn kled 88 377, 1919 

3 Lecde W Em Eall \on Endocarditis ulcerosa mit krankhaft entarten 

LMnpb07\ten im Blut Mitt a d Hamburg Staatsanstalt 12 411 1911 

(Re\ic\\cd in Eolia hematol 13 53, 1912) 

4 Hinek K Zur Mono7>tcnfrage Folia hematol (Archiv ) 13 345-383 
1912_ 

5 Netousek AI Uber Endothehen und ihre Be7iehung zu den klonozyten, 
Eoha hematol 19 1-11, 1914 
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Eichoist,'’ ]\Iallon,‘ McCallum,*' and Netansek"’ (in typhoid vaccination 
IMillci and Pcpjiei '') , in ina’aiia by rappenbenn/° Schilling" and 
Biishnell,’* in tubcicnlosis with mild nephiitis, and mesenteric tuber- 
culosis with secondai} sepsis by Schilling," in cholera by Netausek,^’ 
in a chionic beait case with intestinal parasites and erysipelas by Van 
Ktiys ’’ and in a cbionic heait case in wdiich they were found in 
localized leukocwlosis in the lobes of both eais only, by Baitlett^'^ 
1 hex xxcrc fust e\pei imentally pioduced by Aschofl and Kiyono 

In these cases ihcic is appaicntl}'^ a definite etiologic agent Theie 
max be jiointed out in addition a senes of cases with obscure cause, 
m XX Inch .it least lecognized nutating oi stimulating mateiial such as 
toxins colloids oi jiaiticul.ite m.iltci is not known to be thioxvn into 
tbe blood stie.un Such aie the cases of monocyte (transitional) 
leukemias (Schilling,- Keschad and Schilling,^'’ Jochman and Bluh- 
dorn ’’ of \ an l.iksch s chloiosis .anemia and anemia xvith splenomegaly 
(foimei txxo cases of Nct.uisek,’ lattei of Fi Kiauss^®), of “fatal 
.inemia ’ ( Roxxlcx .ind possiblx of paioxysmal hemoglobinuria 
(Ehrhcb Eason Kommci and Mcxei and of the blood distally to 
the point .It xxhich the chief xein of a limb bas been ligated pioximally 


6 Eicliliorst 11 Em Mcrkwurdigcr Euiul im Blutc eines Typliuskranken, 
Dciitsch \rcli f kill! Med 14 223-227, 1874 

7 Mallorx, E B \ llistologioal Study of Typhoid Fever, J Exper M 
3 611-638 1.^8, Pimeipks of Pathological Histology, Philadelphia, W B 
Saunders Conipaiix, 1914, ji 165 

McC, ilium, \\ G Limgcnmfarkt bei Typhus Abdommalis, 

Vcrhaiidl d dcutsch path Gcscllsch 6 213-214, 1903 

9 Miller, 1 G and Pepper, O H P Phagocytosis of Erythrocytes, etc, 
J Immunol 1 383, 1916 

10 Pappcnhcim, \ Gnmdriss der h.amatologischen Diagnostik und prac- 
tischen Blutuntcrsuchung. Lcip/ig W Klemcrt, 1911 

11 Bushncll, F '\ Certain Case of (so-called) Leukanemia, etc, Liver- 
pool Mcd-Chir J 28 415-419, 1908 

12 \ctousck, M Endothclicn im strohmenden Blute, Folia hematol 


17 407-408. 1913 

13 Vm Nius, F \n Extraordinary Blood, Presence of Atypical Phago- 
cxtic Cells Boston M S J 156 390-391, 1907 

14 Barllctt, W B Localired Leukocytosis Associated with Atypical Phago- 
cjtic Cells, Boston M 8, S J 156 629-630, 1907 

15 AschoiT, L, and Kiyuno, K Zur Frage der grossen Moiionuclearen, 
Folia hematol 15 149-150 and 383-390, 1913 

16 Reschad, II , and Sclnllmg, V Ueber erne neue Leiikamie durch echte 
Uchergangsformen (Spleno/ytenleukamie und ihre Bedentung fur die Selb- 
slandigkcit diescr Zcllcn), Munclicn med Wchnschr 60 1981-1984, 1913 

17 Jochmann, B, and Bluhdorn Ueber akute Myelobiastleukamie, Folia 


hematol 12 181-194, 1912 _ , ...... 

18 Krauss, Fr Em Fall von Splcnomcgalie, Berl khn Wchnschr 50 1421- 


1423, 1913 

19 Rowley, Mary W A Fatal Anemia with Enormous Numbers of 
Circul.itmg Phagocytes, J Exper M 10 78-97, 1908 

20 Ehrlich Eason, Kommer and Meyer, quoted from Simpson, M E 
J M Research 43 77-144, 1922 
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(Netousek/ and Evans and Schuleinan) The two heart cases men- 
tioned above did not come to necropsy and because of the obscurity 
of any active lesion, and particularly m the unique case of Bartlett’s, 
they may be included in the latter of these two rough divisions 


REPORT OF CASES 

Two cases, C P and E W , will be presented, with the inclusion 
of all important clinical data except the morphologic blood findings 
(Tables 1, 2 and 3) 

Case 1 — C P , male, age 18, stenographer, was seen on the medical service 
of the Unnersity of California Hospital 

Fanniy Histoiy — Essentially negatne 

Pasf Histoiy — Pneumonia at 3 months, pertussus at 18 months, measles 
and mumps at 5 jears Bitten b}' rabid dog at 12 years, had Pasteur treat- 



^ Figure 2 


ments Xo sjmptoms of rabies developed Influenza in 1918, at 16 years 
Apparentlj uncomplicated ’ jcars 

Present lUuc^s-ToWossmQ the attack of pneumonia at the age of 3 months 
coinalescence vas prolonged, and in a fe^v weeks he became severely ill again 
Then a ^^huhr heart condition ^^as discovered by the family physicVn Sh 

'r'e^rS^rca^Jc iac Tfe'^'^Disnnea^"""""’" paSt h^ ’inS a 

restricted cardiac lilg Djspnea, ejanosis and weakness on exertion with 

fmiucnl ■.Hack, of broncl.,!..” ,„pcr,cnc<l Otherwise he was well un 1 

before e„.r. pal.en, eolhpse.l heea^e p.let^ co^' .rTeft 
hip Thigh uas flexed on abdomen, pain continued for tivo or three days 
C^anos,s of bps and finger tips ^^as noted He avas in bed five ueeks but did 
not regain strength after rising and on December 20 patient had another chill 



836 


ARCHIVES OF INTERNAL MEDICINE 


Physical condition was approximately the same until June 23, when urine, 
which had been negatne for several weeks, showed an occasional cast, red 
blood cell, leukocyte and a faint trace of albumin 

Juh 2, edema of extremities and face was noted with a small amount of 
ascites Pustules developed on the skin July 8 Edema and ascites increased 
Fundus examination showed some blurring of disc margins Crepitant rales 
were present at base of lungs 

July 17, peripheral edema decreased under Karrel diet but edema of lungs 
and ascites remained unchanged Respiration and pulse increased and tempera- 
ture rose from 37 to 38 C Patient developed decubitus on both scapulae 
Heart sounds were fainter Murmurs constant throughout Hemorrhagic spots 
over extremities Patient died July 18 after short period of delirium 

Laboiatoiv Ftndmg<; — Blood Counts The results of various counts are 
shown in Tables 1 and 3 and Charts 1 and 3 

Urine Maj 5 trace of albumin Many hyaline and granular casts Few 
red blood cells and leukocytes and many epithelial cells 



Tig 3 Macrophage from peripheral blood of E W showung large amount of 
phagoc 3 tizcd material and vacuolization Wright’s stain X 1250 


Juh 23, decrease of number of casts and amount of albumin up to July 23 
when shower of red blood cells occurred and increase of leukocytes was noted 
‘Mbiimin increased to trace on July 6 Casts varied in showers 
Urine Culture Sti cplococcus vvtdaus on July 6 
Stools negative 

Blood chemistrj urea nitrogen, 35, nonprotein nitrogen, 64, creatinin, 2 52 
Blood Culture Showed Sti epiococcus w tdan^ on several occasions Patient 
treated ij injections of serum of brother who had been given repeated doses 
of killed cultures of Sti cplococcus znudaus vaccine made from patient’s 
organisms 


Chmiol Subacute bacterial endocarditis, involving aortic and 

mitral valves Sli t plococcu^ zittdaus septicemia 

nullvv right, was observed bv one of us 
on the Most Medical Service Drs R C Cabot and R T Lee of the Massa- 
chusetts General Hospital Boston Januarv-rebruarv 1916 


Eauidy Hi<;tor\ — Essentiallv negative 
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Past Ihstfli v TautuliLL al 4 t\plioid at 16, from five to ten years gaseous 
eructations \\liLn a ^oung man Frequent sore throat up to five years ago 
I Icuns^ at 6- Histor\ ol loss of hair (transient) five or six years ago, and 
of iiroun papular rash of one week’s duration one vear ago Venereal diseases 
denied Hahits Alcohol to excess for past six months Drinks from ten 
to twcnt\ glasses of ale per da\ Weight Lost 40 pounds in past six months 

Prtsiiif Xoted weakness six months before entrv after alcoholic 

excess One week later soierc diarrhea set in, persisted three iveeks , stools 
dark brown fluid with mucus but no blood A.fter tivo weeks treatment move- 
ments decreased and now he has three or four a day, semi-fluid, 3 'ellowish 
with some nu cus and no Iilood fnereased asthenia, lethargy and loss of 
wciglit up to present There is d\ spnea wathout exertion, which is reheied 
on coimlimc Raises d iih about 1 ounce of ropej", transparent, blood free 
sinituiii Cliills in past two da\« \o edema 

Plnucal I uimiaa/imi —Regatue. except that pupils are sluggish to light 
and distance Slight dullness and few coarse rales present anteriorly and 
postcriorK in riglit cliest Heart ajicx inipulse in sixth interspace, by percus- 
sion outline to left 10a cm from niidstcrnal hue in sixth interspace, 3 5 cm 
to right in lourtli interspace supiacardiac duliuss 6 5 cm at third interspace 
Sounds regular rapid ot lair qii.ilit\ Sccon I pulmonic sound is equal to the 


I ^ 



Fig 4 — Intermediate tonus Irom peripheral blood of E W Wright’s stain 
X 1250 

second lortic Loud blowing sjstolic murmur at apex transmitted to axilla 
To and fro diastolic and sistolie murmur at aortic area No thrill Pulses 
regular, equal, s\ nchronoiis, of good rolume and tension Liver enlarged, from 
(ifth nil to 4 cm below' costal margin in nipple line Slight tenderness 

Entered hospital Januarj 24 failing gradually Temperature from January 
24 to 29 from 1(X) to 103 F, from January 29 to February 21, from 98 to 101 F 
Februarv 22, weakness increased, pulse rapid Temperature increased to 105 F 
Respirations rapid and shallow Februarj' 23, death at 3 30 p m 

Roentgen-raj' show'ed mottling of right upper chest Conclusion tuberculosis 
or syphilis 

Laboratoiy Fnidtugs —(e\chisi\e of blood) Blood Counts, Table 2 and 
Chart 2 give data as to blood counts 

Unne Normal color , acid , specific gravity 1 010 to 1 016 , albuinm, from 
slight trace to large trace , no sugar, diacetic acid or acetone , sediment , few' 
gramial casts 

Stools Strong, positive guaiac test on two out of three examinations, 
once showed strmgv clots of fresh blood 

Wasserniann "Weakly positive during attach of pneumonia but twice nega- 
tive since lung sign cleared up 


838 


ARCHIVES OF INTERNAL MEDICINE 


Renal function (phenolsulphoneplithalein) 10 per cent in two hours 
Blood nitrogen 38 mg pei 100 c c blood 

Blood culture Negative February 10 Streptococci in both flasks February 22 
Culture from bleb on hand No growth 

Sputum January 25 Pneumococcus infection By mouse inoculation placed 
m Group IV 

January 27 Pneumococci, few in numbers, continued to be present up to 
February 6, when the sputum showed almost pure culture of influenza bacilli 
February 15, influenza bacilli were present m great numbers 

Chnical Diagnosis — Subacute bacterial endocarditis of aortic valve, strepto- 
coccus septicemia, recent bronchopneumonia 

Necropsy Siiminaiy — Streptococcus septicemia, acute aortic endocarditis with 
large ulcerating vegetations on \alve, soft hyperplastic spleen, moderate arterio- 
sclerosis, slight hypertrophy and dilatation of heart, edema of lungs, chronic 
pleurisy, obsolete tuberculosis of apices of lungs 



Fig 5 — Smear from blood culture (E W ) showing small, short chained 
streptococci X 1250 


The striking features in the two cases presented were the similarity 
of the chnical findings and the presence of showers of unusual^ phago- 
c) tic, mononuclear cells termed macrophages The staining methods 
employed and the moipho’ogy of these cells will be discussed in some 
detail 


STAINING METHODS 

In the case of E W (Case 2), Wright’s stain was used throughout 
In the case of C P (Case 1), Wright and Giemsa stains, the oxidase 
and perioxidase stains (diemethv 1-paraphenylene-diamine, alpha naph- 
thol and benzidene-h} drogen-peroxide were employed Cells of C P 


21 Fischd R khn Wchnschr 23 1557, 1910, Munch med 

M chnschr o/ 1-03, 1910 (Quoted In Graham, G S J M Research 34 15, 
IAS IS hawng prioritr m use of benzidene ) Graham, G S Benzidine as 

^ Reagent for Blood Smears and Tissue J ]\I Research 34 15-24, 

191u 
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I'jg 6 — Large macropliagc from peripheral blood of E W , showing phago 
cjtocis and \ac110h7at10n Wright’s stain 
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Fig 7— Intermediate forms from peripheral blood of E W (W^right’s stain) 
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\\ ere also studied b} a supra\ ital staining method with neutral red and 
janus green Smiths stain-- \Nas used in an attempt to detect the 
presence of bacteria m the phagocj'tic cells 

The technic of the supraiital staining method used was that of 
Simpsond del eloped from Pappenheim and Rosin and Bebergeil 
A saturated solution of janus green B in alcohol, m the proportion of 
three jiarts of the former to four parts of the latter, are mixed This 
mixture is then smeared, m the manner of making a blood smear, on 
smooth glass slides iiith perfectli regular surfaces The film of the 
die must be eien m distribution and without streaks, and with some 
experience the optimum thickness will be found The drop of blood 
to be examined is placed on a glass coiershp with a smooth, regular 
surface and iniertcd on the d)e filmed slide The drop must be of 
proper size If the blood film is too thick inadequate staining results 
and makes proper obserxation of the cells difficult The preparations 
are rimmed with melted paiaffin at once If the directions are followed 
clo-'ch , well stained Ining cells should be noted in a la}er only one 
cell deep 

MORPHOLOGY \ND STMXING REACTIONS 

The size \aried from 10 to 80 microns inclusive of the small 
borderline forms .md the cells with long phagocytic processes The 
ratio of cell \olumc to nuclear Yolume \aried from 8 1 to 380 1 
The nucleus was cithei round o\al, indented, pol} morphonuclear or 
multiple (two, rareh three lobes) staining a bright purple wath 
Gienwa and often definitely \acuolated The cytoplasm was generally 
hea\il\ Yacuolated and granular, containing phagocytized material of 
red cells, white cells and other unidentified nuclear material in all 
stages of disintegration Pseudopodia and blebhke projections w^ere 
noted in the In mg forms but no ameboid motion w^as observed 
Stained with Gicmsa the cytoplasm Yaiied from deep blue to coloiless, 
but was always packed with a large number of fine, reddish violet, 
azurophil granules wuth occasionally a scattering of coarse ones With 
Wright’s stain the color of the cytoplasm and nucleus w^as similar but 
the finer details of the structure w^ere not necessarily brought out 
The oxydase and peroxidase stain of the macrophages as w^ell as the 
monocytes (Ubergangsformen, transitional and large mononuclear cells 

22 Mallorj, F B , and Wright, J H Textbook of Pathological Technique, 

Philadelphia, W B Saunders Company, 1915 ^ -o u 

23 Pappenheim, A Einige Beimerkungen uber Methoden und Ergebmsse 
sogenanntcr Vitalfarbungen an den Erj-^throzUen, Folia hematol (Central 

R^m,’ H , and Bibergeil, E Ergebmsse staler Blutfarbung, Deutsch 
med Wchnschr 28 41-42, 1902 
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other than lymphocytes) gave a varying reaction from a heavy deposit 
to a few fine granules By supravital staining with neutral red and 
janus green a heavy segregation apparatus of yellow red granules 
and numerous mitochondria granules were noted 

A Smith stain showed the presence of what appeared to be chains 
of streptococci m two out of one hundred macrophages studied This 
observation should be taken reservedly because of the large amount 
of undifferentiated, phagocytized material noted in many of the 
largei cells 

BORDERLINE FORMS 

It has been found by one of us ^ that during showers of macrophages 
produced experimentally m rabbits, there are forms of mononuclears 
which cannot be differentiated from the monocytes of the normal blood 
These borderline forms have been termed intermediate cells They 
occur in complete gradations from the well defined macrophage to 
the monocyte as determined by size, shape, color reaction and granu- 
lation with Giemsa stain, nuclear form, segregation apparatus and 
mitochondria by supravital staining All of these criteria have been 
used in differentiating the cells but as a routine, films were stained 
with Wright s stain, which does not permit utilization of the segre- 
gation apparatus and fine azurophilic granulation as distinguishing 
points However, the latter criteria have their chief value in separating 
t le monocyte-macrophage group from the lymphocyte group of mono- 
nuceais The increased size, the bizarre forms, the presence of 
vacuoles and organized phagocytized material m the former afford 
suthcient basis to distinguish the macrophages and intermediate forms 
rom t le lymphocyte group The final distinguishing features, as 
roug It out by supravital staining, are more conclusive, as the 
riionocyte macrophage group show marked fragility which may cause 
IS ortion of cells if the covershp method is used in making film 
preparations There is a remote possibility that the intermediate 
^ distorted monocytes, but clinically and experimentally 
there is evidence against this view, as will be discussed later 


macrophage fluctuation 

1 A striking features of the two cases studied was the 

, uctuapons of the macrophages This was particularly 

g in the case of C P (Case 1), in which frequent observations 
were "tia c O'y a period of two days June 23 the percentage of these 
cells ■■'«'= *0 al leukocyte count fell from 38 to 1 in four hours, and 
June 24 it fell from 38 to 19 in an hour and a half and to 7 5 in the 
succeeding hour and a half (Table I , Chart 2) Other rapid fluctuations 
were noted The fluctuations apparently had no relation to tempera- 
ture, pulse or respiratory changes, time of day, digestion or disturbing 
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Chart 1 — Macrophage fluctuation m C P Solid line — macrophage in absolute leukocyte count Broken line = absolute 
leukocyte count 
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mental status (Charts 1 and 2) In the case of E W (Case 2), the 
absolute macrophage count paralleled the total leukocyte count except 
during the terminal leukocytosis This parallelism was the prevailing 
condition m the majority of cases presented m the literature In the 
case of C P the leukocyte count was never high, although the 
macrophages at times made up from 38 to 48 per cent of the total 
leukocytes The platelets m Case 1 (C P ) did not grossly increase 
with the macrophages as was noted m Case 2 (E W ) In the latter 
case the high leukocyte count and the high platelet count may have 
been due to increased bone marrow activity (Tables 1 and 2) The 
macrophages varied inversely with the bleeding time in the two cases 



Chart 2 — Alacrophage fluctuation in E W Solid line = macrophages m abso- 
lute lcukoc 3 te count Broken line = temperature in degrees C 

In the case of C P (Table 1) transfusions of citrated immunized 
blood in amounts of from 200 to 250 c c were employed as a therapeutic 
agent -■* The blood was obtained from a brother who had received 
subcutaneous injections of a killed culture of streptococcus viridans 
obtained from the patient’s blood As will be noted from Chart 3, 
there uas an increase in the relative number of macrophages three 
and fifteen hours after a transfusion It is suggestive that the intro- 
duction of e\ en so close!} related a foreign substance as whole citrated 
blood of the same biologic group (Moss— Group IV), whose content 
of antibodies as determined by agglutination was 1 50 of that of the 
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patient, should ha\e stimulated the production of macrophages This 
eMdence, ho\ve\er, is minimized in view of the rapid daily fluctuations 
which aie known to occur 

In both cases, as will be noted from Tables 1 and 2 and Charts 1 
and 2, tliere uas a decrease of macrophages at the time of death which 
uas striking in the case of E W 



Cnart 3 — Daily macrophage fluctuation in C P 
EXPERIMENTAL STUDIES 

Simpson/ working with rabbits, showed that repeated injections 
of certain materials, with a common property of a colloid content, 

25 (1) Colloidal dyes (a) 1 per cent Niagara blue, N A C Co, (i) 
lithium carmine, 5 per cent , (2) Coarser material held in colloidal state by 
protective colloids (n) red gold with sodium lysalbinate, (b) India ink, (c) 
aQua-dag concentrated, (Acheson Oil Dag Co ) , (d) lampblack, 5 per cent in 
I per cent gelatin, (3) protective colloids of group 2 (a) sodium lysalbinate, 

(b) gelatin 
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produce an excessive formation of macrophages These cells were 
found chiefly in the lesser circulation, making up at times as much as 
70 per cent of the total leukocyte count In the peripheral blood, 
however, the macrophages were never more than 6 per cent and the 
size was decidedly smaller than that of the cells found in blood from 
the right heart Rarely, an extremely large cell was found in the 
peripheral blood Examination of the lungs showed the capillaries 
to be engorged with great numbers of these large cells, suggesting 
that the low percentage in the peripheral blood and their relatively 
small size depended on a filtration process m the lungs There was 
also noted in the rabbit a rapid fluctuation in the number of these 
cells in the lesser circulation as well as in the peripheral blood, which 
suggests some other and possibly a specific mechanism for their 
removal other than a filter of fixed size 

Observations of the lungs of rabbits during a macrophage shower 
showed large cells with long attenuated processes extending through 
the capillaries It is suggested that these cells have a subsidiary 
function in the production of platelets to compensate for the low 
platelet count in purpuric conditions in septicemias This is in accord 
with the findings of Bunting, who demonstrated the probability of 
the nonspecific origin of platelets through the squeezing ofif of processes 
of megalokaiyocytes caught in the capillaries of the lung in Hodgkin’s 
disease 

The possibility that the peripheral endothelium may be active in 
the production of macrophages is suggested by the findings in the 
case of localized leukocytosis described by Bartlett and the monocytosis, 
distal to a ligatured vein (Evans, Netausek) 

The studies of Simpson point to the excessive formation of 
macrophages from the endothelium of certain organs, chiefly the liver, 
spleen and lymph nodes Wright suggests a similar secondary origin 
for blood platelets 

DISCUSSION 

\Yg believe that the macrophage cells described in the two cases 
of subacute bacterial endocarditis presented were identical with "those 
produced experimentally 111 rabbits by Simpson This view is based 

26 Bunting, C H Blood Platelets and Macrocytes in Hodgkin’s Disease, 
Bull Johns Hopkins Hosp 12 114-116, 1911 

27 Wright, J H The Histogenesis of the Blood Platelet, Pub Massa- 
chusetts General Hospital 3 1, 1910, J Morphology 21 263-278, 1910 

28 The following references also bear on this subject 

Leiison, L A Unsuccessful Result Following Transfusion with Immu- 
nized Blood in Infectious Endocarditis, J Lab & Clin M 6 191, 1921 

Naegh, O Blutkrankheiten und Blutdiagnostik, Ed 3, Berlin u Leipzig, 
Walter de Ga} ter & Co , 1919 
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on their resemblance as regards morphology, staining reactions, 
phagoc} tic propel ties, fluctuations and their disappearance at time 
of death 

Ihere is faiily conclusive evidence of the identical origin of the 
macrophages and monocjtes from endothelium (Schilling,^’’ Evans, 
Simpson,^ Malloiy *) The work of Simpson points to their origin m 
the luer, spleen and lymph nodes with the discharge of these cells 
into the lesser circulation in response to certain stimuli Experi- 
mentall} , the lung capillaries probably act as filters, allowing only the 
smaller cells to pass into the peripheral circulation The proportion 
of these cells to the total leukocyte count in the peripheral blood is 
higher than in experimental animals, suggesting also a peripheral 
origin This is m accord with the findings of other observers, espe- 
ciall} m the localized leukocytosis of Bartlett and the observation of 
monoc\tes, peripheial to a ligatuied vein (Evans, Netausek®) 

The stimuli causing the production of macrophages and their release 
into the blood stieam have been studied experimentally by Simpson 
It was shown that colloidal dyes, coarser material held in colloidal 
state by protectne colloids, or protective colloids alone, by repeated 
injection, were capable of calling forth these cells The common 
propert} of these substances was the colloid content Thus we may 
assume that in addition to such substances as bacteria, foreign particu- 
late matter, or chemical compounds, w'hich are known to be capable 
of altering the absolute oi relative blood count, the mere change in 
proportion of certain colloid elements, as the normal blood proteins, 
may stimulate the production or release of cells into the blood stream 
It IS suspected that some such alteration of the colloid content in the 
blood may be the basis for the production of macrophages in these 
cases There is apparently no relation clinically between the fluctua- 
tions of these cells and those factois which cause definite variations in 
the leukocyte counts, such as fever, pam, digestion, embolic phenomena 
or bacterial showers, etc 

Maciophages observed in the peripheral blood in man were gen- 
erally smaller than in experimental rabbits, while the relative number 
was increased in the human observations These findings suggest that 
the cells liberated into the blood stream clinically are smaller because 
the mother tissues produce smaller cells in man or that a more pro- 
tracted stimulus of a long continued infection calls forth smaller cells 

Simpson discusses the possibility that the macrophages may engulf 
substances of certain limited sizes, and in such conditions as endo- 
carditis these cells may be called out to handle such substances as the 
other phagocytes are incapable of dealing with 
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SUMMARY 

1 In two cases of subacute bacterial endocarditis, cells foreign to 
the normal blood stream were observed They varied in size from 
10 to 80 microns The nucleus was round, oval, indented or multiple 
These cells were markedly phagocytic with vacuoles containing engulfed 
cells, possibly bacteria, and unidentified material in all stages of disin- 
tegration With Giemsa stain marked fine azurophilic granulation of 
the cytoplasm was observed By supravital staining from six to seventy 
or more granules were noted in the segregation apparatus 

2 Intermediate foims varying from the cells just described to 
normal appearing tiansitional cells (monocytes) were observed 

3 Their fluctuations were rapid but without periodicity and varied 
from 0 to 48 per cent They varied directly with the number of 
platelets (m the case of E W especially), inversely with the bleeding 
time and decreased at the time of death There was an increase from 
three to fifteen hours after transfusion The fluctuations were evi- 
dently not associated with changes of temperature, pulse, respiration, 
digestion or sudden changes of physical or mental status 

4 Certain deductions are made as to origin, cause of production 
and release, mode of removal and function of these cells through 
parallelisms of their behavioi with similar cells produced experimentally 

5 It is hoped that certain criteria, such as segregation apparatus 
and azurophilic granulations, will be used on a large number of cases 
of mononucleatoses to aid m the recognition and classification of the 
group of cells herein discussed 



PRIMARY CARCINOMA OF THE THYMUS * 
VICTOR C JACOBSON, MD 

AI BANY, N y 

Primary tumors of the tliymus are uncommon Primary carcinoma 
IS an exceedingly rare ^arlety of thymic new growths, hence any 
defimtel) established neoplasm of this type should be recorded A 
few } ears ago I had the opportunity of studying a case of carcinoma 
of the th\miw, arising from hLussall’s corpuscles, with metastasis to 
many organs It is from the clinic of Dr Henry A Christian, to 
whom I am indebted for Ins pei mission to use the clinical data 

anroKT or case 

Ht<;toi\ — The patient a snlesman, aged 42 years, entered the hospital Sept 
21, 1920, conipJaining of pain and stiffness in the lower part of his back He 
was well tip to Tune I, 1920, w’hen his back low dow'ii felt stiff and sore on 
rising in the morning After moving around an hour or two, this stiffness and 
soreness left, onh to return in the eiening The diurnal remissions grew 
gradualh shorter, and on June 10 he w’as so stiff and lame that he had to stop 
working The right side of his chest and abdomen was tender on pressure 
and mo\emciit 

His condition was diagnosed muscular rheumatism by his local physician 
His liack was strapped and after icxen days in bed be felt slightly improved 
Tlierc was no fever, redness or swelling Siv treatments by an osteopath gave 
some relief and he went back to w'ork August 1 and continued working until 
September 7 

Graduallj increasing stiffness of the back and hips, and pain radiating from 
the back around Ibc right side made work impossible The pain was intense 
and continuous, keeping him awake nights During the last four months he 
lost about 10 pounds in weight In the last six days there has been marked 
hoarseness and for two days his hands have felt stiff 

Physical /Sioiniiiafton — The patient is well developed and nourished 
and mentall} clear The pupils are prominent and there is bilateral, slow, 
rotar\ nystagmus The optic disks and sight are normal There are no 
cer\ ical enlargements Chest expansion is normal The blood pressure is 
systolic, 110, diastolic, 70 Coarse piping rales are heard over the right side 
of the chest The spine is very rigid, especially in the lower dorsal and lumbar 
regions There is tenderness on attempt at movement but none under pressure 
At the low'cr dorsal level there is a rather sharp kyphosis Both legs are stiff 
at the hips and there is a bilateral Kernig sign The knee jerks and Achilles 
reflexes arc active and equal The gait is very slow, the back being held rigid, 
and the hips move very' little Skin sensation is normal to rough tests 

Two weeks later the lungs were normal to percussion, respiratory sounds 
were exaggerated throughout There was slight bronchial breathing at the 
right base behind No signs of bone involvement, other than in the spine, were 
elicited The patient’s temperature was usually normal in the morning, rising 
to about 99 5 F m the afternoon The urine was repeatedly negative for 
Bence-Jones protein A surgical consultant regarded the condition as one of 
metastatic cancer, primary focus unknown, but said that if pyelograms did not 

*From the laboratory of pathology of the Peter Bent Brigham Hospital, 
Boston 
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indicate a hypernephroma the patient should be treated for tuberculosis, the 
slight fever corresponding better with cancer than with tuberculosis The 
pyelograms were negative 

Chntcal Course — ^The pam in the lower limbs became lancinating during the 
day and morphin was necessary An orthopedic consultant made a diagnosis 
of Pott’s disease of the tenth dorsal and third lumbar vertebrae A plaster 
jacket was applied to the spine October 25, but the pain m the limbs became 
more severe Temperature by mouth varied from 98 to 101 F A bone graft 
operation was advised as being the most efficient and shortest means of pro- 
ducing immobilization of the diseased area 

November 8 the patient went home wearing his plaster jacket He was to 
rest a week before returning for operation He returned on the twenty-ninth 
with numerous bed sores and having lost much weight December 9 an anterior 
shell was applied 

His temperature rose at times to 99 6 F, pulse, 130 The pain became 
gradually worse, requiring morphin two or three times in twenty-four hours 
He soon became short of breath for the first time His temperature fell to 
subnormal Respirations were shallow and difficult Death occurred Feb 
9, 1921 


Repoit of Roentgen-Ray Evamtnahons (Dr Lawrence Reynolds) —Sept 24, 
1920 Lumbar spine in an anteroposterior position shows a rotation of the 
fourth and fifth lumbar vertebrae There is a slight scoliosis The chest is 
slightly asymmetrical and the diaphragm is normal m contour, with the tracheal 
shadow a bit toward the right of the midhne Root shadows show considerable 
increase in their density The type of increase is suggestive of glandular 
enlargemen There are some rather extensive areas of infiltration, far out in 
the lung fields on the left side, suggestive of possible metastasis 

Dorsal spine m anteroposterior and lateral positions shows 
th,r !4 destruction of the tenth dorsal vertebra with partial destruction of the 

tSborcS^'onffiUor ^ ^ metastatic rather than a 

fx reexamination of the spine over the region of the eleventh 

densnl shows a small shadow of increased 

lum iarshow ^ abscess, but the third 
lunmar shows some increase m its destruction 

dorsal'^ve^tehrp* shows the destructive process in the tenth 

L n Jit sffir. asymmetrical with definite rotation toward 

over thf nreJonl the root shadows 

extensneh involved the lung fields themselves are much more 

ray point of new metastasis^f ’"y^^^'^ment still suggests, from a roentgen- 
and hilic glands ' ^ lungs with involvement of the mediastinal 

.s 

positions show destruction ^ spine in the anteroposterior and lateral 

change since the last examination ^’’^^mination The lung fields show no 

Diagnoses^ Carc^noma^or'thJth'^'^^°*^™^'^i,°"^ postmortem) —Anatomic 
k} photic deformit> of the smne du!^*t^ widely disseminated metastases, 
third lumbar ^ertebrae bv tnmr,,- ° destruction of the tenth thoracic and 
hemorrhoids There was ^metastas’is"tn^tn appendicitis, 
chest and retroperitoneal lymph nodes liver, spine, suprarenals, 

Mediastinum The oreanc m ft-. 

to the sternum There is ppnprai mediastinum are closely apposed 

bj a fibroid growth Ljmg m thc'nn areolar and fatty tissues 

is a mass extending irom the Lr J normally occupied by the thymus 

sternoclaMcular joints Its inf/>rtr,r- t u to 1 cm above the 

inferior two-th,rds appears to consist of cysts, 
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bcniq: fluctuant and of a dark coloi, which is transmitted through the thin 
capsule, suggesting, at first, markedly dilated veins Incision permits the 
escape of a thin, brownish turbid fluid, under some pressure, disclosing a 
multilocular cjstic growth, forming a chain of about four cysts which vary 
in size from 1 to 2 cm They are lined with a white glistening membrane 
Bordering these c\sts is grayish-uhite tissue, very firm, and divided into 
fairlj ucll defined lobules much in the manner of a thymus This whole mass 



Fig 1 —Drawing of the condition found in the anterior mediastinum The 
thymus contains many cysts which increase in a moderate degree its antero- 
posterior dimensions Tlie mediastinal fat has been dissec e away 


strips away from the underlying structure much as the 

It continues 1 cm above the level of the clavicle but is not adherent to 
the thyroid which is quite normal There are discrete enlarged lymph nodes 
m the^ mediastinum lying posteriorly and beneath the medial ends o t e 
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clavicles Some of these are 2 by 1 by 1 cm They are pale white, very 
firm, and consist almost entirely of tumor 

The pericardial cavity and heart are not remarkable The great vessels 
are not involved m the tumor growth 

Lungs Together the lungs weigh 1,675 gm They are voluminous, with a 
moderate degree of emphysema of the anterior portions of the right and left 
upper lobes The pleural surfaces are studded with grayish-white nodules 
averaging 6 mm in width, which project slightly above the surface Many of 
these he in dilated lymph channels and are covered with a thin layer of fibrin 
In freeing the right lung some parenchyma infiltrated with tumor is torn 
away and left attached to the parietal pleura On section both lungs show 
extensive involvement About the right hilum firm white tumor tissue is 
concentrated m mass and spreads out into the more peripheral portions in a 
more or less fanlike manner Peribronchial infiltration by tumor is con- 
spicuous throughout both lungs The lymph nodes at the hilum are markedly 
enlarged because of tumor 

Spine The tenth thoracic vertebra is about 1 cm in thickness, having been 
practically replaced b}' a tumor growth which extends outward on both sides 



Fig 2 Photograph of a section of the right lung showing the massive 
umor inhltration proceeding outward from the hilum, also the perivascular 
and peribronchial metastases 


\prtphrpp ^ anterior and lateral surfaces of the adjoining 

\prtpbrp I’c ^ mushroom The body of the third lumbar 

extendinrr tn i surrounded by a dense tumor growth 

facef of thP P ^ practically covering the lateral sur- 

Infade the iniPr'p^, It dofs not appear to 

lei els extends nostp growth, both in the thoracic and lumbar 

^iinl of th^nrS^Pr^'^i there is considerable soft- 

of aLbscSs cS b?[n vertebrae, but nothing of the nature 

len gritti and definitpTn i involving these vertebrae is pale white, 

trronth farthest awai f « of bone are deeply embedded in it, even in the 

gro nth farthest anaj from the bodj of the vertebra itself 

Microscopic Eramuiatioii — ThvmiiQ mi,o r 

made out in the sections, there beinir ^^Jlines of the organ can be 
Lobular dnisions are fairh n dl defined In ^^in connective tissue envelop 
nertiip fissiip cenantmo- f * denned in some sections, wide septums of con- 
of fat in some of S these units which are composed in great part 

lues are foci of thjmic lymphocytes, mononuclear 
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plis^ocj 1 snc ntirncroiiS coSinop^_ti5 siirruLnCiHsj" one on tvo 

normal appearing Hassall s corpascies Otner similar foci sno-, a proLferation 
oi the cells of Hassall s corpuscles with the lomation of oooies three or four 
tiuies the size or tne normal Dece^’eratior of tne ceiis in tcese bocies fo^- 
lons tne normal picture tnere oemg loss o: nuclei granolation ana a sort 
ot heratiniaation of the central cells Tnis s o* o“osress’’ elv less o''oni.neiice 
m the larger grouos ano assumes an e'^tmeii Citrerent aspect m the ones to 
be cescribea The prohferation o: tre eo trehal cells forms bocies as muen as 
ten times the size oi the smallest grouO' a^c m tre^e a centra^ lumen aonea'"S 
ana papular} ing-o>\tns occu’- 

ihe C}Sts <ecn i*i lUe gross a-e I ’"ec o' mo-e or less SatteneG ep trel.al 
cells m la}e's of iron tv o to -o^r Xo r e'ce’<iiiar o-icges are seer* ght 
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f }C(}n^O\~C }RCI\OM I OF HUMUS 

amoin: tluni irc Omhth larjicr pohlicclral cells Mith pale ovoid nuclei, prob- 
abh ihe rtticnhiin ctlK riitsc are compar.itn c]> few and show no transi- 
tions which miplit indicate that thc\ arc part of the neoplastic growth The 
stroma of the tumor is composed of numcrons blood vessels and connective 
tissue m small amount partU derued from the adventitia of the blood vessels 
linasion of both blood and hmph capillaries lias occurred Mitotic figures 
arc mimerous As the tmnni forms large conglomerate masses the cells assume 
the torm ot a s_\uc\tium with six to eight round nuclei, irregularly placed, 
the otoplasm frcqueiith appearing splashed with brilliant red, blue or both,’ 
with eosin-metluKne blue staining The architecture of the thymus is still 
unmistakable Ihe lobnU s wink eont lining much fat ha\e small Hassall’s 
corpuscles surrounde'd in tlnmic hmphoeMes Tlie carious stages from the 
primarv pruliu r itn'ii ot the Cells of the concentric bodies to the large epi- 
thelial tumor masses xud (pitluliil lined c\sts can easilj' be traced in the 
sections 

In the lung <u ebui int^resi arc the jiecnliar degeneration changes in the 
tumor ctlls and i irtqmnt mlirtobling of tumor cells in such a way as to 
siiugest \er\ strongh a Hassall's corpuscle The miclcus is round or ovoid 
.and large, btmg one third to one lull the sire of the cell and with one to 
thru titci>i\ tosju-st lining mickfdi The cjtoplasm presents a biz/are color- 
ing eitlur deip bine or red fw purple and in it arc ireijiicntlv present round, 
deepK colored botlu s ibmit the sue. of the mn lens nsnalU with a halo or 
clear sp ice alamt them 'I be miclens is visnallj much shrunken or absent m 
the cells in which these boilus are lonnd 

^piiie 1 he iiuislirnom-like grov th on the side of the tenth dorsal vertebra 
consists ol tumor in whieli are numerous trabeculae of new bone which 
uridonlne<il\ arose from proliier itioii of the periosteum associated with e\ten- 
sion of tile tumor through it into the surrounding tissues The tumor cells m 
these sections show the s une peculiar staining properties and arrangement seen 
in the other metastases 


njsiCbSSIOX 

Tej better tuuicrsi.uKi the dexclojimcnt of tumors in the thymus 
glaiul a Knowledge of its cmbijolog) is helpful The thymus in man 
arises from the entoderm cntiicl}, hut m other animals it is from other 
source*^, aceordmg to Zotterman ^ In the mole it is purely ectodermic 
In the pig it IS of mixed origin In the fowl isolated portions of 
striated muscle can be found, also cysts lined by ciliated epithelium 
In m.m the th}mus dea clops from two tubular outgrowths from the 
third pharyngeal pouches, although it is possible, according to Schafer, 
tiiat a part may be derived from the fourth pouch The reticulum 
differs from that of a lymph gland m being essentially formed of a 
syncytium of branched cells avhich are not mesodcrmic but entodermic, 
being formed from the cells of the original epithelial tube and thus have 
a common origin with Hassall’s corpuscles Some writers have 
asserted tliat the thymic lymphocytes are also of entodermic origin 
(Stohr,"’ BelP), but Hammar “ and Maximow “ found that the 


1 Zotterm.in Anat Anz 38 1911 

2 Schafer Qviain’s Anatomy, Textbook of Microscopic 

1912 

3 Stohr Anat Hcffte 31 ' 1906 

4 Bell Am J Anat 5 1916 

5 Hammar Anat Anz 26 1905 

6 Maximow Arch f mikr Anat 74 1909 


Anatomy 2 676, 
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lymphocytes are brought to the developing gland and are not formed 
there primarily 

Proliferation of the cells of Hassall’s corpuscles is practically never 
seen in the normal thymus but it has been observed in a case of 
exophthalmic goiter reported by Soupault/ and in one of hemophilia 
by Acland ® Cysts of the thymus may arise in several -ways Per- 
sistence of the epithelial canals of the embryonal thymus is said to be 
a frequent cause of cysts in syphilitic infants (Ewing,® Pollossin and 
Piery,^® and Chian In Soupault’s case there were also found 
multiple cysts lined by columnar epithelium Dermoid cysts are 
reported by Hare, and a case of mixed tumor is recorded by Rolleston 
Hassall’s corpuscles may be found m otherwise normal glands to have 
degenerated so as to form cysts barely visible to the naked eye, the 
“abscesses of Dubois ” These cysts are probably comparable in many 
ways with epithelial cysts seen elsewhere, in the urinary tract for 
instance (Jacobson^®) 

Primary tumors of the thymus offer some difficulties in classifi- 
cation Lymphosarcoma and malignant thymoma are terms commonly 
used to designate a tumor composed chiefly of cells resembling 
reticulum cells, although the small lymphocyte also is present in great 
numbers This tumor usually penetrates the capsule and invades con- 
tiguous organs These neoplasms of “lymphoid” type form the largest 
tumors taking origin in the thymus but they remain local or tend to 
keep within the bounds of the mediastinum As a rule, this has been 
true also of the carcinomas, as most cases have shown no metastases, 
and no symptoms developed until the tumor had assumed con- 
siderable size 

To be conect, from the standpoint of embryology, the tumors 
definitely proved to arise from the cells of Hassall’s corpuscles or the 
reticulum cells should be called carcinomas The epithelium may be 
definitely pavement, cubical or cylindrical in type The histologic 
picture of many thymus tumors is confused by the presence of many 
types of cells, lymphocytes, giant cells, eosinophils and plasma cells, 
m addition to cells of epithelial origin Consequently, a diagnosis of 
carcinoma of the thymus is less frequently made than possibly it should 
be Onl) two cases haAe appeared in the American literature, thirteen 
in the French and the rest have been described by the English and 
Germans, twenty-one, all told 


7 Soupault Bull Soc Anat 592 1897 

8 Acland Proc Path Soc , London 36 491 

9 Ewing Neoplastic Diseases, Philadelphia, W B Saunders Co, 1921, 
p 891 

10 Pollossin and Pier\ Pro% mcd , 1901, p 151 

11 Chian Ztschr f Heilk 15 403, 1894 

12 Rolleston J Path 5L Bacteriol 4 228, 1896 

11 Jacobson Bull Johns Hopkins Hosp 31 122,1920 
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\ic<n(limx l(» Kuha'-chow wlio hinivclf icpoilcd a mixed epithelial 
and l\mphni<i uimot m 1911, the lii^L diairno'^is of carcinoma of the 
tlniiui'' wa'- made In llii<'io\\e m 18^4 4 he next ca‘?cs appeared m 

i8fv uid he'iWtiii 1S*H) and 1908 all the Fiench cases were observed 
Inc !ije iiu<dtiHi difkis Horn that fm epithelial neoplasms of other 
ortjan'- 1 iiutn palients weie of “cancel a^c,” hut the six others were 
iioni 18 to 22 ecus of a^e roniteen c.uses were m males, 
thuc in stmaU*', in tniii ia‘'e'' the <latum as to sex is not available 
1 !:< c irh m\olutu>n of the tlnmus, as cnmiiared nith other organs, 
aid itv jHxulni iiitii relatioii'-hij's with the tlnioid, and possibly other 
qhiUfh j'’ui It m n s<imtwhit ihlteiciu categorv <ind probably explain 
till ulitnuc Inuii ]H Keniat^c oi tumors ot the thymus in younger 
In ' '•o '• 

In ;h)<.i oi the « nlnsi olntrcatmiK no metastases are mentioned 
l.uai; mtii^t'^sis wire pio'-tiu m the cases of Ca\ley,^'’ Le Tulle'® 
tCasi. 1 i XmbK^sim ’’ (t i^c 2l. and Scmmeis and Vance'" Direct 
extension into tnerhme luii” tissue was noted b\ ]’a\iot and Gerest,'® 
lud b\ ihiuh ' nlio iho fouiul nn.isioii of the mediastinal lymph 
norh s In tiu stv'^iiid case of lx '1 ullc’s thcie nas giowth into the 
si’pi nor \cii* ci\a md into the jieiicaidium m those of Cajlej and 
Xmbin^mi (Cast li In ouK two instances was tumor found else- 
wluu th "11 in the thest and this w.is m the second case of Ambio- 
siin s, m wlmh iioduks wete piesent in the Inci, .ind in the case of 
'^Mnnuis iini \aiut '1 he lasc u ported heic is the second shownng 
mcti'-iasi- to ihe spnic '^\niincts .md \ .nice h.iMiig the fust, and the 
ni\ ision ot otlui oig.iiis was mote wulespiead th.m ain case hitheito 
<k scribed 

Ihe outst.nidmij clniic.d fe.ituies were the lack of local signs of 
tlnnius tuiiioi .md the pieflomin.incc of sMiiploms lefeiablc to the 
desiiuttion of sccci.d \eilebi.u Koentgcn-i.ay studies played an 
impoitant ji.irt in the di.ignosis and piognosis of the case Despite the 
gieat bulk of lung tissue lepl.iced In tumoi. the p.atient had little 
icspii.iton flisiiess until shoiily befoie death While he had also acute 
ajjpcndicitis, .my p.nn fti tendeincss he might have had m the legion 
of the .i])pcndi-v w.is piob.ibh masked by the constant seveie pain 
c uised In the tumoi in and .ibout the ceitebi.il column The ocular 

11 Hiilnstliov Vncliows Aich f ji.ith Aii.it IOC 141, 1911 (quoting cases 
of liristowc, l-ricl sen .'ind Dcrscibe) 

15 Ci>lc\ I’roc P.itli Soc Loud 19 53, 1867 

16 Ix lulls Arcli gen d* iiied 2 641, 1890 

17 Anihrosini 1 liese dc Pins, 1891 

18 Sjniiiiers, Doiigl.is, and V.inee*, H M , Epillielinniiit.i of Thymic Ongiii, 
Arch Inl Med 28 239 (Sept ) 1921 

19 PiMot .iiiri Gircst Aicli nicd Kxper 8 699, 1896 

20 llruili Pio\ imd 1 267, 1904 
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symptoms may have been due to cerebral metastases, but as the brain 
was not examined, this point could not be determined 

The thymus tumor itself was comparatively small, especially in its 
anteroposterior dimensions and could not reasonably be expected to 
cause much mechanical inconvenience However, invasion of the lymph 
and blood streams occurred early, the tumor being brought to the lungs 
by the pulmonary arter}'^ The distribution of the tumor m the lungs 
IS quite typical of this route of entry, i e , massive growth about the 
hila, smaller nodules in the more peripheral zones, and further dis- 
semination through the perivascular and peribronchial lymphatics to the 
pleura In the lungs, tumor cells gained entrance to the pulmonary 
veins, thus reaching the systemic circulation, thence to the spine, liver 
and suprarenals 

This tumor was derived from the concentric epithelial groups of 
the thymus — the so-called Hassall’s corpuscles The reticulum cells 
played no recognizable pait in making up the growth Very little 
lymphoid tissue was present in the thymus , the lobules were still 
largely made up of fat which had replaced thymus tissue m the usual 
manner and probably at a normal time 

The degeneration phenomena m the cells of the tumor in the thymus 
and most of the metastases were very bizarre and might be said to be 
an exaggeration of the peculiar changes seen in the epithelium of 
normal thymus glands There was also a tendency for the metastases 
to form structures resembling Hassall’s corpuscles 

SUMMARY 

1 The commonest tumors of the thymus gland are those of the 
so-called lymphoid type Tumors derived from epithelial tissue are 
lare, although probably not so rare as the literature indicates Such 
tumors can arise from (o) Hassall’s corpuscles, or (&) the reticulum 
cells This concept has a sound embryologic basis 

2 A study of a case of carcinoma of the thymus in a man, aged 42, 
u ith clinical, roentgenologic and pathologic findings in detail, is pre- 
sented Emphasis is laid on the difficulty of an antemortem diagnosis 
because of the manner of metastasis to lungs and spine, which simu- 
lated tuberculosis in several of its aspects 

3 From a pathologic point of view, of greatest interest are the pecu- 
liar degeneration changes m the nucleus and cytoplasm of the tumor cells 
m the thymus and in the secondary growths, changes which might be 
construed as an exaggeration of what occurs in normal Hassall’s cor- 
puscles Also in the metastases the tumor cells sometimes tended to 
arrange themselves in groups suggesting Hassall’s corpuscles 



STOKES-ADAMS’ DISEASE DUE TO GUMMA OF 

Tl-IE HEART 

R\LPH H MMOR, MD 

K\NS\S C1T\, X\N 

Although heart block ih no longer regarded a*, a rare disease, its 
association uith a gumma of the heart is still of such infrequent occur- 
rence as to merit the report of ever\ ca-^e observed In 1905 onl} 
three titles appeared m the Index Medicus on the subject of Stokes- 
Adams disease In 1906 there are fort\-six references to this disease, 
the result of interest excited b\ the work of Kent, His, lawara and 
Erlanger During the succeeding }ears a large number of articles 
on heart block appear A total of 499 papers ha\e been published from 
1903 to 1922 

The number of such cases prored to be due to a gumma of the 
heart is quite small Keith, ^ in 1909, collected se\ en cases, and Hirsch- 
felder," in 1913, also collected se\en cases I have been able to find 
onl} eleven cases m the literature up to 1922, those of Rendu,’ Hand- 
ford,^ Keith and Miller,’ Grunbaum,'’’ Asbton, Norris and Lavenson,’ 
Fahr® (also reported by Luce^), Vaquez and Esmem,° Heineke, 
Aluller and Hosshn Robinson,” Bridgman and Schmeisser and 
Girdw'ood ’ ’ 

*From the Department of Internal Medicine, Unnersitj of Kansas School 
oi I^Iedicine 

1 Keith, A Albutt’s S^stcm of Medicine 6 133, 1909 

2 Hirschfelder, A Disease of the Heart and Aorta, 1913, p 566 

3 Rendu, M Note sur un cas dc sephilis du coeur accompagnee de pouls 
lent permanent. Bull et mem soc med d hop de Par 12 381, 1895 

4 Handford, Henry Remarks on a Case of Gummata of the Heart, Brit 
M J 2 1745, 1904 

5 Keith, A , and Miller, C Description of a Heart Showing Gummatous 
Infiltration of the Auricular Ventricular Bundle, Lancet 2 1429, 1906 

6 Grunbaum Quoted bj Hirschfelder, Footnote 2 

7 Ashton, T G , Norris, G W, and Lavenson, R S Adams-Stokes Dis- 
ease (Heart Block) Due to a Gumma in the Inter\entricular Septum, Am J 
M Sc 152 1745, 1907 

8 Fahr Ueber die muskulare Verbindung zwischen Vorhof und Ventrikel 
(das Hissche Bundel in Normalen Herzen und beim Adams-Stokesschen Sjmp- 
tomkomplex), Virchoivs Arch f path Anat 188 562 1907 

9 Vaquez and Esmein Maladie dc Stokes-Adams par lesion sclero- 
gommeuse du faisceau de His (Herzblock), Presse med 15 57, 1907 

10 Heineke, A , Muller, A, and Hosshn, H Zur Kasuistik des Adams- 
Stokesschen Symptomkomplex und der Ueberleitungstorungen, Deutsch Arch 
f klin Med 93 459, 1908 

11 Robinson, G Canby Gumma of the Heart from a Case Presenting the 
S>mptoms of Adams-Stokes Disease, Bull Ayer Clin Lab, No 4, 1, 1907 

12 Bridgman, E W , and Schmeisser, H C Heart Block Caused by Gumma 
of Septum, Johns Hopkins Hosp Rep 18 90, 1919 

13 Girdwood, R L Case of Heart Block Due to Gumma, M J South 
Africa 16 183, 1921 
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The presence of a gumma m the heart associated with symptoms of 
Stokes-Adams disease is referred to by some earlier writers who failed 
through imperfect knowledge of the pathology of heart block to realize 
the significance of such association Rendu’s patient, who had a “per- 
manent slow pulse,” showed at necropsy a gumma the size of a pigeon’s 
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Fig 1 — Pulse tracing made during an epileptiform attack 



Fig 2 Photograph of heart \\ itli incision through the right ventricle The 
gumma can be seen on the inter\entricular septum 

egg in the uall of the left ventricle However, small granular kidneys 
were also found, and Rendu attributed the bradycardia to “uremic 
intoxication of renal origin Phillips,^^ in 1897^ collected twenty-five 


14 Phillips, S S\philitc Disease of the Heart Wall, Lancet 1 223, 1897 
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cases of gumma of the heart, and he mentions syncope and epileptiform 
attacks as being fiequent symptoms of the disease Some of tliese cases 
were probably examples of Stokes-Adams’ disease 

The case of heart block due to a gumma of the heart heie reported 
IS apparently the twelfth on iccord 
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Fig 3— Sketch showing the position of the gumma (diagram of heart after 
Hirschfelder) 


REPORl OF CASE 

The patient was a man, aged 34, a farmer, who was admitted to the medi- 
cal service of the Bel! Memorial Hospital complaining of shortness of breath and 
weakness 

Family History— Uis father died of “heart trouble,” the exact nature of 
which was unknown 
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Pcisoital Histoty — This was negative There was no history of rheumatic 
infection or of syphilis 

Piescut Illness — Two months before admission, the patient, while working 
m the field, suddenly became unconscious This attack lasted about ten minutes 
A few minutes following the attack he felt perfectly well and was able to con- 
tinue his work The next day he had a similar attack, and for six weeks he 



Fig 4 Microscopic section through gumma (Bausch and Lomb obj 4 oc, 

X 10 


Ind one or two such attacks a week The past two wrecks before admission the 
attacks became much, more frequent, until at the time of admission he had 
seieral attacks a dai 

PInstcal Exanunatwn— The heart was found to be enlarged, extending 14 cm 
to the left in the fifth interspace and S cm to the right in the fourth interspace 
On auscultation, there was a blowing s>stolic murmur at the apex', and at the 
base there was a loud blowing sjstolic murmur and a somewhat softer blowung 
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diastolic murmur These murmurs were equallj' well heard at the aortic and 
pulmonar} areas and almost completely replaced the heart sounds The pulse 
w^as of qood ^olume, not collapsing and the rate varied from 42 to 60 per 
minute The radials were not thickened, and the blood pressure was 125 systolic 
and 80 diastolic The lungs were clear , there was no ascites or edema of the 
extremities The reflexes were normal 

Chutcal CoH/rc— While in the ward the patient had many epileptiform 
seizures, vaiyung in number from eight to ten per day These attacks lasted 
from five to ten seconds The patient was unconscious, his face twutched, his 
e 3 "es rolled up and were staring and his arms and legs w'ere stiffly extended 
During these attacks the pulse could not be felt at the wrist, although the 
jugular pulse m the neck continued to beat 

A tracing (Fig 1) taken during one of these attacks show's a complete 
absence of the radial waves while the jugular pulse records several a waves 
Both before and after this attack the tracing show's no evidence of any block, 
and the pulse rate w'as 60 per minute One tracing show'cd a tw'O to one rhythm 
but all the other tracings taken showed a normal rhsthm with periods of com- 
plete block corresponding to the patient s epileptiform attacks All tracings 
showed a prolongation of the a-c iiitenal, the tune usually being tw'O-fifths 
of a second 

Laboiatoiy E\ammation — The blood cell count w'as red cells, 5,000,000, 
w'hite cells, 10,000, hemoglobin, 90 per cent The ucinc w'as normal The Was- 
sermann reaction w'as positive 

Tjcatmcut — ^The patient was gi\en hj'poderinics of atropin and strj'chnin but 
W'as not observed long enough to permit of draw'ing any conclusion m regard 
to the value of these drugs The patient died seven days after admission, 
during an epileptiform attack, and the necropsy w'as performed the following 
day by Dr Wahl 

REPORT or NECROPSV (bY DR W'AHl) 

The heart w'as enlarged and w'eighed 670 gm The coronary arteries show'ed 
no sclerosis On palpation of the heart indurated masses w'ere felt at the 
bases of the aortic and pulmonary valves When the heart w'as opened, a 
yellowish mass measuring 5 5 by 2 by 2 cm w'as seen in the interventricular 
septum (Fig 2) extending up to the base of pulmonary valves It also 
extended into the base of the aortic valve and involved tw'o of the aortic 
leaflets This mass bulged out into the cavity of the right ventricle and pro- 
truded also into the left ventricle It completely obliterated the triangular 
space, w'ent directlj across the right branch of the bundle of His, pressed 
on the left branch and extended nearly up to the auricular ventricular node 
(Fig 3) On cut section this mass was yellowish in color, somew'hat granular 
and resembled a gumma 

The anatomic diagnosis was gumma of the heart, aortic stenosis, aortic 
insufficiency, pulmonary stenosis, pulmonary insufiiciency , h 3 'pertrophy and 
dilation of the heart, syphilitic aortitis 

Microscopic sections taken from the mass (Fig 4) showed a typical gumma 
This specimen resembles very much that described by Ashton, Norris and 
Lavenson, Robinson, Bridgman and Schmeisser and by Girdwood The large 
size of the gumma is noteworthy as are the combined aortic and pulmonary 
lesions produced by it The mitral s 3 stoIic murmur described by Goodall as 
an almost invariable accompaniment of heart block was present here, but was 
not so marked as the systolic and diastolic murmurs originating at the base 
of the heart 



HYDROGEN-ION STUDIES VII EXPERIMENTAL 
NEPHRITIS IN RABBITS WITH MONOBASIC 
SODIUM PHOSPHATE 

EDWIN F HIRSCH, MD 

CHICAGO 

Many studies of experimental nephritis are reported in the literature, 
' notably those which concern the injection of the salts of the heavy 
metals, uranium and tartrates, into rabbits and dogs There seems 
to be no mention of nephritis caused by the injection into rabbits of 
relatively large amounts of monobasic sodium phosphate In the course 
of certain experiments with rabbits, injections of solutions of this salt 
were made and in the examination of the kidney tissue, necrosis of the 
cells lining the convoluted tubules and the loops of Henle was observed 
Other experiments were made to confirm this observation, and in each 
instance depending in severity largely on the length of time that the 
rabbit was poisoned by the injections, there are necrotic changes in the 
cells of the renal tubules mentioned Blood to be used for determining 
the hydrogen ion concentration and the carbon dioxid combining power 
was drawn from the heart through a sterile needle into a 10 c c defibri- 
nating tube, all of the air being displaced After defibrination by 
shaking, the hydrogen ion concentration of the blood was determined in 
a McClendon electrode vessel by the gas chain method The carbon 
dioxid combining power of the whole blood was determined according 
to V an Slyke and Cullen ^ 

PROTOCOLS or LXPERIMLNTS 

The protocols for two typical experiments are given 

Evpfriment 1 — A rabbit weighing 2,470 gm was used The urine was 
normal 

June 14, 1922 9 a m , bled pn, 7 57 , carbon dioxid, 51 18 per cent by 

\ olume 

2pm injected subcutaneously 10 cc 20 per cent solution of monobasic 
sodium phosphate 

June 15 9 30 a m , bled, pn, 7 41 , carbon dioxid, 4829 per cent by volume 

11 a m 6 cc injected subcutaneously 

12 30 p m 8 cc injected subcutaneously 

2 30 p m Death , bled , pi\, 7 04 , carbon dioxid, 27 10 per cent by volume 
Urine contains a large amount of albumin, hyaline and granular casts, leuko- 
cjtes, and a few red blood cells 

Experiment 2— A rabbit weighing 1,310 gm was used The urine was 
normal 


♦From the Pathological Laboratory of St Luke’s Hospital Aided by the 
Winfield Peck Memorial Fund 

1 Van Slyke, D D . and Cullen G C Studies of Acidosis I T 
Chcm 30 289-346, 1917 /nciqosis, i, j 


Biol 
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June 26, 1922 9 am, bled, pn, 740, carbon dioxid, 53 93 per cent by 

volume 

3 30 p m Injected subcutaneously 5 cc 20 per cent solution of mono- 
basic sodium phosphate 

June 27 9am 4Scc was injected subcutaneously The urine contains 
albumm, hjalme casts, and a few leukocytes 

4pm 45 cc injected subcutancousl) 

June 28 9 a m 5 cc was injected subcutaneously Urine contains albu- 
min, many granular casts and cyhndrotds 



Sketch illustrating necrosis of the convoluted tubules of the rabbit kidney 
following the injection of monobasic sodium phosphate solutions 

June 29 10 a m, 75 cc injected subcutaneously 

June 30 11 30 a m,95cc injected subcutaneously 

July 2, 9 a m Urine contains a trace of albumin, a few granular casts and 
cylindroids 

July 3 10 a m , 10 c c was injected subcutaneously 

3 p m, 4 cc was injected intravenously Rabbit dead Blood carbon dioxid 
12 14 per cent by volume 
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The changes in the kidney tissues, are most marked in the cells of 
the convoluted tubules, but are present also to a lesser degree m those 
of the loops of Henle These changes are chiefly a necrosis of the 
epithelium, the cytoplasm of the cells becoming at first swollen and 
granular, then, with prolonged poisoning they become necrotic, so that 
only fragments of the basal portions and pyknotic nuclei of the cells 
remain Within the lumen of the tubules there is a granular amorphous 
substance (precipitated albumin) m which there are occasional renal 
cells and polymorphonuclear leukocytes The cells of Henle’s loops 
and of the convoluted tubules contain fine dustlike droplets which stain 
with Sudan III These degenerative changes are like those observed 
by Wells - in rabbits the victims of tartrate poisoning 


DISCUSSION 

Injury of the renal epithelium by the administration of the mono- 
basic sodium phosphate probably is associated with the excretion of 
this salt b} the kidne 3 ^s McNider,^ Karsner and others have observed 
an acidosis occurring with nephritis experimentally produced by salts 
of uranium According to Fischer ® acid bodies are important in a 
variety of pathological changes, particularly in nephritis Karsner, how- 
ever, regards the acidosis accompanying uramum poisoning not the 
direct cause of the renal irritation Theoretically, an acidosis may be 
expected to follow the injection of an acid salt, and the results of such 
experiments may be considered the efllect of the acidosis However, the 
blood of a rabbit injected with 10 c c of a 20 per cent dibasic sodium 
phosphate solution changed in reaction from pH 7 40 to pH 6 80 , the 
carbon dioxid combining power changed from 41 32 per cent by volume 
to 25 27 per cent , the urine contained albumin, casts and a large 
amount of sugar, and death ensued rapidly The cell changes in the 
kidney sections of this rabbit also resemble those produced by the 
injection of the monobasic phosphate solutions This suggests a 
much more profound disturbance m the general metabolism than 
merely the absorption and elimination by the kidneys of a salt injected 
subcutaneously 

The phosphate salts of sodium and potassium have a wide clinical 
use and that large amounts may be injurious to kidney tissue is sug- 
gested b\ the experiments reported here It is known that with certain 


Tartrate Nephritis, 


2 Underhill, F P , Wells, H G , and Goldschmidt, S 
J Exper Med 18 322-346, 1913 

3 McNidcr \\ m deB The Inhibition of Toxicity of Uranium Nitrate 
hj Sodium Carbonate, etc J Exper Med 23 171-186, 1916 

4 Karsner, H J , etc Studies of Uranium Poisoning IV The Relation 
of Acid Intoxication to Nephritis, J M Research 39 177-187, 1918 

5 Fischer, M H Edema, a Studv of the Phjsiology of Water Absorption 
b% the Luing Organism, New York, 1910 
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patients the use of laige amounts of phosphates is accompanied by the 
sudden appearance of albumin, casts and red blood cells in the urine 
These manifestations of kidney injur) may be regarded as the result of 
the use of the phosphate salts mentioned 

SUMM^RY 

The subcutaneous injection of monobasic sodium phosphate solutions 
causes in rabbits a necrosis of the cells lining the convoluted tubules 
and the loops of Henle 

An acidosis accompanies the injection of solutions of this salt 

Symptoms of an acute nephiitis m patients receiving large amounts 
of phosphates ma) be due to changes in kidney tissue similar to those 
obser\ed in rabbits 



THE DILATATION OF THE PULMONIC AREA OF 
THE HEART AND ITS SIGNIFICANCE 

JAMES A HONEIJ, MD 

BOSTON 

If the diagram representing the frontal view of the heart outlines, 
as shown on the fluoroscopic screen or by roentgenograms, is studied, 
several curves and depressions are noticed The right side of the heart 
presents a single convex curve caused almost wholly by the auricle, 
the left side presents usually two curves, the superior curve caused 
by the aorta and the greater and inferior curve caused by the left 
ventricle Between these two curves, situated usually between the 
second and third ribs, is a depressed line or concavity 

In this area, in abnormal conditions of the heart, the pulmonic 
artery and a portion of the auricle below it can sometimes cause two 
smaller curves instead of the normal depression Or, frequently, a 
single marked curve is noticeable, so that the left side of the heart may 
show three noticeable curves instead of two This third curve, if it 
covers the whole area, is caused by the dilatation of the pulmonic 
artery and auricle or to the pulmonary artery alone This area is, 
then, commonly spoken of as the pulmonic area On the right side 
there is never seen but one cur\e unless there is dilatation or an 
aneurysm of the ascending portion of the aorta 

In studying the changes in the heart three groups of cases must 
be kept in mind The diagnosis of these cases may directly concern 
the heart or indirectly the lungs By saying indirectly the lungs, I mean 
that the heart changes very frequently assist one m diagnosing the 
acuteness of the pulmonary lesion and sometimes assist in the prognosis 
of the lesion 

For some years I have been interested in the cardiac outlines m 
pulmonary conditions but not until the influenza epidemic of 1918, 
when I had the privilege of studying the cases at U S Army General 
Hospital No 16, did I realize the importance of the changes of the 
heart outlines in acute pulmonary conditions 

It IS well known that dilatation of the right auricle occurs in pul- 
monary congestion and in children it is an important concomitant sign, 
but \er} little attention has been paid to the dilatation of the pulmonic 
area in pulmonary affections 

The dilatation of this area in cardiac diseases is well known In 
mitral insufficiency and stenosis this area is markedly dilated In 
pulmonary insufficiency complicating mitral disease, the pulmonic raea 
forms a beautiful cur\e distinct in most cases from the auricle curve 



Cl 



Fic: 1 — The normal cardiac outlines, witli slight accentuation of the 
pulmonic curve, showing between the second and third ribs The aortic curve 
between the first and second ribs and the curve of the ventricle between the 
third and fifth ribs 




Fig 2— The abnormal cardiac outlines A Aortic curve P Pulmonic 
curve 0 Auricle curve G Ventricle curve The case represents a pulmonary 
insufficiency complicating mitral disease 
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which IS also pronounced Stell, as quoted by Vaquez and Bordet, called 
attention to this and associated changes and states that mitral lesions, 
especially stenosis, could provoke, following increase of pressure in the 
smaller vessels, an insufficiency of the pulmonary orifice of functional 
nature So also m congenital pulmonary stenosis and m conditions of 
interventricular perforation and in other cardiac conditions Such condi- 
tions, however, have no relation to any extent to pulmonary conditions, 
with the exception of cardiac pulmonary insufficiency and myocarditis 
In pulmonary conditions this pulmonic curve very early becomes 
pronounced Some time ago I ^ pointed out that m influenza “the heart 
shows a slight dilatation of the right auricle and, to a less extent, a 



F’S 8 — Dilatation of the pulmonic area in a child without discernible cause 

slight dilatation of the pulmonic area,” and in pneumonia ‘“two associ- 
ated changes occur very early which are of great interest and impor- 
tance Invariably, as eaily as the changes occur in the hilus, there is 
seen m the heart a marked and acute dilatation of the pulmonic area ” 
During the epidemic, necropsy findings constantly included the observa- 
tion of the noticeable dilatation of the right auricle, but, no notice, or 
little, was apparently taken of the pulmonic area 

It can be accepted, therefore, that dilatation of the right auricle and 
to a less extent the pulmonic area, is known to be associated with acute 
pulmonary conditions 

1 Honeij, J A Influenza and Bronchopneumonia, Am T Roentgenol 
6 266 (Ma'i) 1919 
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The third general class of cases of dilatation of the right auricle 
IS associated with pulmonary tuberculosis In many of these cases 
I have seen some dilatation of the pulmonic area, especially in 
children In a series of twenty-five cases, in children under 16 years 
of age, which were being studied for tracheobronchial gland changes, 
and m which only two cases of cardiac disease occurred, I have noticed 
dilatation of the pulmonic area in thirteen The cause of this cannot at 
the present time be considered to be pulmonary congestion, as in most 
cases there was no apparent congestion It might be assumed at this 
time that gland pressure and congestion may probably be an associated 
cause 

It IS well known that some dilatation of the heart and of the 
pulmonic area can be produced physiologically by repeated coughing 
without inspiring, but why dilatation of the pulmonic area occurs when 
there is apparently no pulmonary stress is a question that needs studv- 
ing It IS well worth while to consider this concomitant sign m 
interpreting roentgenograms of chests It may be transitoiy and in 
many cases it is progressive 

Recently Bishop^ published an article in which he quotes Vaquez 
and Bordet ® as follows “Vaquez and others have come to our rescue 
111 their observations in this one particular, namely, that a very distinct 
dilatation m the region of the conus, meaning an enlargement of the 
pulmonary artery, showed no corresponding post-mortem condition by 
the methods employed m such work up to the present time In fact, 
the examination of the right side of the heart and pulmonary circulation 
IS, as a rule, earned out caielessly” Further on in this article, the 
author states, that “the fluoroscope usually shows besides a centrally 
located heart shadow, a fairly definite predominance m the region of 
the conus ” It is evident that the author in making a diagnosis of 
“infantile heart” obtains part of his evidence from the roentgenogram 
showing a dilatation of the pulmonic area, for besides his statements he 
concludes his article thus, “the illustration is a typical example of an 
infantile heait in an adult ” 

I can only say that without piecise cardiac measurements, or positive 
absence of pulmonary changes oi absence of postmortem proof, the 
“infantile heart m adult life” cannot be considered seriously This is 
jiurely from the roentgenographic point of view of the abnormal cardiac 
outlines 


187 23^(JuTv 6M922 Infantile Heart in Adult Life Boston M & S T 

^ ^^aquer and Bordet The Heart and the Aorta, translated by James A 
Honeij and J Macy 



OBSERVATIONS ON THE BLOOD GASES IN AURIC- 
ULAR FIBRILLATION AND AFTER THE RESTO- 
RATION OF THE NORMAL MECHANISM-!^ 

HAROLD J STEWART, MD 

BALTIMORE 

The object of this investigation was to determine what changes take 
piace in the gases of the aiterial and venous blood when the cardiac 
mechanism reveits from auiictilai fibrillation to the normal mechanism 
There has been no leport of similar studies in the literature, and, indeed, 
such studies were hardly possible, except in the uncommon condition of 
paroxysmal fibrillation, until quimdin sulphate was found to bring about 
the restoration of the normal mechanism in auricular fibrillation 

In the studies which Harrop made of the blood gases there are 
repoited two cases of auiicular fibrillation with determinations of the 
gases of the aiterial and venous blood during decompensation and after 
the patients became compensated Peters and Barr - give the carbon 
dioxid absorption curves and blood gases in two cases of auricular fibril- 
lation m then studies on cardiac dyspnea Lundsgaard has included 
se\eial cases of auricular fibrillation m his report on the oxygen of the 
venous blood in patients with compensated and decompensated circulatory 
disturbances Barach ‘ has studied oxygen therapy in two cases of auiicu- 
lar fibrillation In none of these cases, however, is there a return to the 
normal mechanism 

All the patients included in this study were put to bed on admission 
and, if there were any signs of cardiac failure, a standard tincture of 
digitalis' was adnnnistei ed up to the point of maximum benefit before 
the quinidm therapy was begun 

Control samples of arteiial and venous blood were usually taken 
after digitalization The patient was then given a preliminary dose of 
0 2 gm quinidm sulphate to determine any idiosyncrasy If there was 
no untoward reaction to the preliminary dose, the patient was started on 
larger doses (0 4 gm ), given from tliiee to five times a da} The 

=*■ From the Physiological Division of the Medical Clinic of the Johns 
Hopkins University and Hospital 

* Working under the tenure of the William Bingham Fellowship in 
Medicine 

’^Abstract read before the American Society for Clinical Investigation, 
Washington, May, 1922 

1 Harrop, G A J Exper Med 30 241, 1919 

2 Peters, J P , and Barr, DP J Biol Chem 45 559, 1921 

3 Lundsgaard, C J Exper Med 27 179, 199, 219, 1918 

4 Barach, A L Arch Int Med 28 367 (Sept ) 1921 

5 One c c of the tincture is equivalent to 1 cat unit 
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drug was continued until there was some indication for discontinuance 
The arterial and venous samples of blood were obtained after the onset 
of the normal mechanism Control galvanometnc records were fre- 
quently taken 

METHODS 

The arterial and venous samples weie drawn without stasis under 
liquid petrolatum as described by Stadie ' for arterial blood and by 
Lundsgaard ^ for venous blood In a total of about one hundred 
arterial punctures there was no untoward effect, in most instances the 
patients said the arterial puncture did not cause any greater discomfort 
than the venipuncture Procaine was used only m a few cases Usually, 
the arterial blood was drawn before the venous blood, but in the case 
of persons in whom the most accessible vein and artery were in the 
same arm, the venipuncture was done first in order to avoid the stasis 
brought about by pressure applied after the arterial puncture In 
some persons the radial artery was used, and in others the brachial 
artery The patients in whom both the radial and the brachial artery 
were punctured preferred the brachial puncture One of the veins at 
the bend of the elbow was used for the venous blood The arterial and 
venous samples were drawn within from three to five minutes of each 
other The venous blood was sometimes drawn m a syringe ® and at 
other times m a pipet ’’ The analyses were done m duplicate immediately 
after the blood was drawn The earlier analyses were done with the 
original type of Van Slyke apparatus, using the Van Slyke methods for 
determining the carbon dioxid ® and oxygen ® of the whole blood Later 
the “giant” Van Slyke apparatus was used, the pipet of which is twice 
the length and approximately one half the bore of that of the original 
apparatus, and is calibrated to 0 01 c c instead of 0 02 c c The Van 
Slyke and Stadie method for determining oxygen and carbon dioxid 
in the same sample was used In all analyses the new corrections for 
the oxygen and nitrogen physically dissolved in the blood were used 
When oxygen and carbon dioxid were done on separate specimens of 
blood, the order of analysis was as follows venous carbon dioxid, 
arterial carbon dioxid, venous oxygen, arterial oxygen and oxygen 
capacity of the arterial blood When the combined method was used, 
the venous blood was analyzed first, then the arterial blood and lastly 
the oxygen capacity was determined 

The samples of blood were drawn at least two hours after the 
preMous meal, after the patient had been lying at absolute rest for half 

6 Stadie W C J Exper Med 30 215, 1919 

7 Lundsgaard, C J Biol Chem 33 133, 1918 

8 Van Shke, D D J Biol Chem 30 347 1917 

9 Van Shke, D D J Biol Chem 33 127! 1918 

10 Van Sl>ke, D D, and Stadie, W C T Biol Chem 49 1, 1921 
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an houi or longer After the patients left the hospital they retiuned 
foi frequent observations, the same precautions being taken in obtaining 
the samples Pulse and respiration rates were recorded dm mg both 
the arterial and venipunctures The blood pressure, galvanometric 
record and vital capacity were taken either just before the lest period 
or immediately after the blood was drawn 

During fibrillation the average systolic blood pressure was determined 
after the method of James and Hart The normal vital capacity was 
calculated from W est’s formula accoi ding to which the normal vital 
capacity is 2 5 litres per square meter of body surface area in men, and 
2 litres per square meter of body surface m women The body surface 
area was estimated from the height-weight chart of Du Bois and 
Du Bois The \ ital capacity is recorded as percentage of the normal 

GROUPING or CASES 

Fifteen cases of auricular fibrillation have been studied Fourteen 
of these patients received quimdin sulphate, in twelve there was 
re\ersion to the noimal mechanism The cases have been divided into 
the following groups 

Group I — Nine cases studied during fibrillation and after the 
restoration of normal mechanism 

Group II — Two cases, which were studied after reversion to nor- 
mal mechanism, but in which no analyses were made in the presence 
of fibrillation 

Group III — Four cases studied dining fibrillation but not duiing 
nomial mechanism 

REPORl of cases 
GROUP I 

Case 1 (2) (Tables 1 and 2) — Patient was a female, white, aged 63 years, 
who was admitted to the hospital, Nov 2, 1921 She was discharged, improved, 
Dec 7, 1921 Mechanism was normal 

Hist 01 y — ^Three years ago patient had her first attack of cardiac failure 
Three subsequent attacks of cardiac failure occurred 

Examination — There was slight edema of the feet and ankles^ no dyspnea, 
no cyanosis , a few rales at the bases posteriorly , the liver was enlarged The 
heart was slightly enlarged, the rhythm was totally irregular, a systolic 
murmur heard at the apex was transmitted to the axilla A systolic murmur 
was heard in the second right interspace, and faintly heard in the neck vessels 
The Wassermann test was negative 

Diagnosis — Arteriosclerosis, hypertension, myocardial insufficiency, auricu- 
lar fibrillation 

Tieatnicnt — Nov 3 and Nov 4, 1921, the patient received digitalis, bringing 
the heart rate down to 64, with a pulse deficit of 4 November 8, tbe patient 
reverted to a normal mechanism November 11, she reverted to fibrillation, and 


11 James, W B , and Hart, T S Am J M Sc 147 63, 1914 

12 West, H P Arch Int Med 25 306 (March) 1920 

13 Du Bois, D , and Du Bois, E F Arch Int Med 17 863 (June) 1916 
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November 13 the normal mechanibin was again restored The patient was dis- 
charged with a normal rhythm, w'hich was still present when she was last seen 
m May, 1922 

This case shows an increase m the oxygen saturation of arterial 
and venous blood and a diminution of the coefficient of utilization with 
the onset of the normal mechanism, which indicates an improvement in 
the blood flow There was a persistent anoxic anoxemia,^'^ except on 
one occasion There was no apparent cause for this arterial anoxemia 
Dec 19, 1921, when the arterial blood was 100 per cent saturated, the 
venous saturation was 94 per cent , and the venous blood was as bright 
red as the arterial The oxygen consumption and the oxygen capacity 
were both decreased A progressive improvement in the vital capacitv 
was seen The cause for the venous (stagnant) anoxemia December 5, 
in the presence of the normal mechanism, is not clear, but it was felt 
at the time that the patient probably had been going beyond her cardiac 
reserve and might be on the verge of cardiac failure, although she 
showed no clinical signs of failure There was great subjective improve- 
ment in the patient with the normal mechanism and since leaving the 
hospital she has been doing her own work without the occurrence of 
dyspnea or edema 

Case 2 (9) (Tables 1 and 2) — Patient was a man, white aged 29 jears 
whose first admission w^as Nov 7, 1921 He was discharged, Dec 3, 1921, with 
a normal mechanism Second admission was Feb 28, 1922 Patient was again 
discharged, March 11, 1922, with a normal mechanism 

Htftoiv — Patient complains of lack of vitality and endurance He had influ- 
enza m 1918 Since then he has had his present symptoms Oct 15, 1921, an 
electrocardiogram showed auricular fibrillation 

Examination — There were no signs of cardiac failure The heart was not 
enlarged the rhjthm was totally irregular, with the apex rate 60, and a pulse 
deficit of a few beats There were no murmurs The Wassermann test w'as 
negative 

Dinpiiojw— Chronic myocarditis, slight myocardial insufficiency, auricular 
fibrillation 

TrrnUm Kf— Digitalis was not necessary November 10, administration of 
quinidin sulphate w^as begun and the patient reverted to normal mechanism the 
same da\ with no subjective improvement November 18, the patient reverted 
to fibrillation and November 20 normal mechanism was again restored, and 
was present on his discharge December 16, the patient had reverted to fibril- 
lation He was readmitted with apex rate of 72 and a pulse deficit of 12 
Quinidin sulphate administration ^zas begun, and the patient reverted to normal 
mechanism, klarch 1 He was discharged with a normal mechanism, but 
returned again fibnllating and was given quinidin daily March 24, fibrillation 
was still present and the dose of quinidin was increased March 31, normal 
mechanism was found which was still present April 10 when the patient asked 
to be allowed to discontinue the use of quinidin 


14 Arterial saturation and venous saturation m the text refer to the per 
cent arterial oxagen saturation and per cent venous oxjgen saturation, 
respectn ch 

15 Barcroft T Lancet 1 487, 1920 
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This IS a case of probable rheumatic heart disease, with as'yet very 
slight structural change, but functionally there is some impairment of 
cardiac reseive This case shows an increase in the venous oxygen 
saturation and a decrease in the coefficient of utilization with each 
fluctuation from auricular fibrillation to the normal mechanism, indi- 
cating an improvement in the circulation There is a decrease in the 
aiterial oxygen saturation after the onset of the normal mechanism, 
with the first two reversions from fibrillation to normal mechanism, 
but in the third rerersion the arterial saturation rose to 100 per cent 
Ne^ertheless, the patient showed no subjective improvement with the 
normal mechanism, although the discomfort caused by the quinidin 
sulphate might have masked any such improvement It is interesting to 
note the extremely high vital capacity of this patient, and its rise follow- 
ing the onset of normal mechanism Fiom Table 1 it is seen that the 
oxygen capacity diminishes with the onset of the normal mechanism, 
increases when fibi illation begins and deci eases each time with the 
normal mechanism The high hemoglobin content during fibi illation is 
noteworthy The oxygen consumption diminished with the onset of the 
normal mechanism 

C\SE 3 (Tables 1 and 2) — Patient, male, white, aged 77 jears, was 
acmitted No^ 30, 1921, and discharged, Dec 14, 1921, improved and with a 
normal mechanism 

History — Auricular fibrillation was discovered m a routine phvsical examina- 
tion made lulj 8, 1919 He has had no acute cardiac failure He had received 
a small amount of digitalis just before admission 

Examination — There were no signs of cardiac failure, but signs of senile 
emphysema The heart was not enlarged, the rhythm was totally irregular At 
the apex, the first sound was accompanied by a soft systolic murmur A pre- 
systolic gallop was present The radials were tortuous and thickened 

Diagnosis — Arteriosclerosis, emphysema, myocardial degeneration, auricu- 
lar fibrillation 

Treatment — ^Digitalis was not necessary The patient reverted to normal 
mechanism, December 5 December 9, the electrocardiogram showed auricular 
flutter December 11, normal mechanism was again present The patient was 
discharged with a normal mechanism 

This patient was much improved subjectively by the reversion to the 
normal mechanism With the change to the noimal mechanism the 
venous saturation increased, and the coefficient of utilization diminished 
There was a decrease in the aiterial saturation immediately after 
revei sion to the normal mechanism, which later returned to the normal 
level The patient’s emphysema did not prevent normal saturation of 
blood with oxygen in the lungs, except on two occasions when thei e was 
a slight anoxic anoxemia The oxygen consumption was decreased, 
the oxygen capacity was first slightly increased then appreciably dimin- 
ished and later when iron was administered, it increased again This 
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increase may have been either a physiologic lesponse to a demand for 
more hemoglobin or the result of iron theiapy The patient’s vital 
capacit}^ improved 

Casc 4 (5) (Tables 1 and 2) — Patient, a female, white, aged 38 3 ears, was 
admitted, Dec 19, 1921, and discharged Dec 31, 1921, improved and with 
normal mechanism 

Histoiy — She had had rheumatism at 8 years Her present illness began 
111 Maj, 1920, with dyspnea on slight exertion* She was a dispensaij patient 
from June to September 1920 There were onh*^ occasional symptoms of car- 
diac failure during the period from September, 1920, to November, 1921, when 
there was a rather rapid decrease in cardiac reserve as shown by marked 
dyspnea, edema of the ankles and palpitation The patient received digitalis 
in the dispensary 

Exavunaiion — There were no signs of congestive heart failure The heart 
was slightlj’’ enlarged to the left A systolic thrill was noted at the apex The 
rhythm was totally irregular At the apex there was a short, high pitched, 
systolic murmur, and a low pitched rumbling murmur m middiastole The liver 
was not felt 

Diagnosis — Chronic rheumatic endocarditis, mitral stenosis and insufficiency, 
myocardial insufficiency , auricular fibrillation 

Ticatmcnt — Digitalis was not necessary December 22, the use of quimdin 
was begun, and on December 26 the patient reverted to normal mechanisjn 
which was present on discharge and was still present when the patient was seen 
in April, 1922 

This patient showed evidence of marked structural cardiac change 
with rapidly diminishing cardiac reserve With letuin to the noi- 
mal mechanism, there was a great improvement subjectively and the 
cardiac reserve improved tremendously, so that the patient is now able 
to do all her own housework, without dyspnea, edema or palpitation 
With the onset of the normal ihythm the aiteiial satuiation was 
decreased, but the following analysis showed that it had returned to 
normal There was an actual decrease m the venous oxygen satuiation 
with the onset of the normal mechanism, but since the aiterial satura- 
tion was decreased to a gi eater extent, the coefficient of utilization was 
diminished, showing an improvement m the circulation The giseous 
exchange of the blood thus took place on a lower level dm mg the normal 
mechanism than during fibrillation The cause for the venous anoxemia 
during the normal mechanism may have been the lather severe anemia 
which the patient had, for with the improvement of the anemia the 
venous saturation improved almost to the normal figure The oxygen 
consumption was decreased The vital capacity showed marked 
improvement 

Case 5 (10) (Tables 1 and 2) —Patient, female, white, aged 73 years, was 
admitted, Jan 11, 1922, and discharged, Feb 13, 1922, improved and with 
normal mechanism 

Histoiy — Symptoms began one \ear ago with dyspnea on exertion Slight 
cough has been present since this time with occasionallv some' edema of the 



880 


ARCHIVES OF INTERNAL MEDICINE 


ankles She came to the dispensary in June, 1921, and was kept on digitalis 
from that time September 10, an electrocardiogram showed auricular fibrilla- 
tion In the last month the dyspnea became worse 

( 7 iiiiiio tioii —Patient was senile, she had slight dyspnea, but no cyanosis 
There were signs of fairly marked emphysema, with congestion of the bases 
of the lungs The heart was enlarged The rhythm was totally irregular 
Loud systolic murmur was heard ovei the base, and was well transmitted to the 
neck The pulse was slow' with a small deficit The peripheral arteries were 
not thickened There was no edema 

Diagnosis — \v\.&r\osc\e.vosis , emphysema, myocardial insufficiency, auricular 
fibrillation 

Tieatment — Digitalis was not necessary January 28, quinidin sulphate was 
begun, and January 30 the normal mechanism was restored Late on January 
31 fibrillation w'as present, reverting to the normal mechanism again February 3 
Late on February 6 fibrillation began again, and February 8 normal mechanism 
W'as again restored Normal rhythm was present on discharge 

This was a senile patient who had probably been fibnllating for one 
}ear, during which time her cardiac reserve gradually declined She 
was improved clinically by the reversion to the normal mechanism It 
IS interesting to note the presence of an unusually high average systolic 
blood pressuie (182 mm meicury) during fibrillation During the 
normal mechanism the blood pressure fell to 130 systolic and 86 
diastolic Theie was a decrease m the arterial saturation with the 
normal rhythm, which did not return to normal later, probably because 
of the high grade of emphysema During fibrillation the blood flow 
may have been so slow that the blood remained in the lung capillaries 
long enough to become full}' oxygenated in spite of the emphysema, but 
with the normal mechanism and the improved circulation rate this was 
not possible The circulation was improved by the normal mechanism, 
as IS show'll by the greatly improved venous saturation and the dimin- 
ished coefficient of utilization The oxygen consumption was decreased 
and the oxygen capacity slightly increased 

The patient w'as again admitted to the hospital early in March, 1922, 
and was found to be fibnllating No attempt was made to give 
fjuinidin on this admission, and the patient died of a cerebral accident 
a few da}s later 

C\sF 6 (7) (Tables 1 and 2) — Patient a male, white, aged 58 years, w'as 
admitted Feb o 1922, and discharged March 11, 1922, improved and w'lth 
normal mechanism 

/Lij/ory— Nervousness began in October, 1914 March 6, 1915, ligation of 
the right inferior thjroid artery was done March 25, 1915, ligation of both 
superior tlnroid arteries was done May 5, 1915, an injection of boiling water 
was made into both lobes of the th>roid June 1, 1915 a left lobectomy was 
made The patient improved after operation Jan 24 1916 a right lobectomy 
with partial excision of isthmus of the thyroid was made The patient improved 
Eighteen monthb after the last opeiation. the patient noticed a lump on the 
right Mde of his neck He later became dysnneic and had palpitation Three 
weeks ago he began to sleen propped up in bed and his eyes became prominent 
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E\aminaitou — He was a small, undernourished man, very nervous, with 
moist skin, cyanosis of lips, fingers and ear lobes Exophthalmos was present 
and a small lump on the right side of the neck Rales were heard at the lung 
bases posteriorlj’' The heart was slightly enlarged The rhythm was totallj 
irregular A soft blowing systolic murmur was transmitted feebly to the axilla 
The apex beat rate was 140 — deficit 18 The liver was 11 cm below the costal 
margin There was no edema 

Diagnosis — Exophthalmic gohei, cardiac hypertrophy and dilatation, myo- 
cardial insufficiency, auricular fibrillation 

Ticatmcnt — The patient was thoroughly digitalized, pulse rate continuing in 
the neighborhood of 120, with a pulse deficit of 18 February 8 the use of 
qtimidin sulphate was begun and February 11 the patient reverted to normal 
mechanism February 21 the basal metabolism was 49 per cent above normal 
Februarj 28 radium treatment was given to the thyroid March 5 the patient 
reverted to fibrillation March 7 the normal mechanism again restored The 
patient was discharged with a normal rhjthm The normal mechanism was still 
present when the patient was seen April 29, 1922 

This was a case of marked cardiac failure and auricular fibrillation 
secondary to toxic goiter There was a most striking improvement 
clinically with reversion to the normal mechanism His palpitation, 
dyspnea, edema and rales, which did not clear up under digitalis, dis- 
appeaied under the normal mechanism There was marked distress 
when he reverted to fibrillation for two days He is now able to work 
again The arterial saturation decreased with the onset of the normal 
mechanism and later returned to normal The increase in the venous 
saturation and lowered coefficient of utilization show an improved circu- 
lation There was a gradual decrease in the oxygen capacity The 
oxygen consumption was diminished There was a steady rise m the 
Mtal capacity 

Case 7 (8) (Tables 1 and 2) — Patient, a male, white, aged 57 j'cars, was 
admitted April 5, 1922, and discharged April 23, 1922, improved and with 
normal mechanism 

Hisloiy — Two years ago, dyspnea on exertion was first manifested About 
eight months ago, he stopped work because of increasing dyspnea and edema , 

Examination — He had a moderate cyanosis of his lips and finger tips, but 
no dyspnea The jugulars were promanent and distended Signs of a rather 
marked emphysema, and moist rales at lung bases posteriorly were noted The 
heart was enlarged A totally irregular rhythm and faint systolic murmur 
at the apex, not transmitted, were noted The pulse was 64, with a deficit 
of a few beats The vessels were thickened and tortuous There was a fluid 
w'ave in the abdomen The liver was 6 cm below the costal margin He had 
edema ot the feet, ankles and legs up to the groin The Wassermann test was 
negative 

Diagnosis — Arteriosclerosis, emphysema, cardiac hypertrophy, myocardial 
insufficiency , auricular fibrillation 

Tieatnient — From April 5 to April 13 digitalis was given, wnth disappear- 
ance of most of the edema April 13 the use of qumidin sulphate was begun 
and April 16 the patient reverted to normal mechanism which w^as present on 
discharge 
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This patient, with a “large lung” emphysema with aunculai fibril- 
lation, came into the hospital with a marked degree of heart failure, 
and under digitalis most of the edema disappeared He showed marked 
lmpro^ement clinically with the onset of the normal rhythm and his 
cardiac reserve increased There was a decrease in the aiterial satuia- 
tion which later increased again, although the normal limit was not 
reached, probably because of the marked emphysema The venous 
saturation increased , the coefficient of utilization, the oxygen consump- 
tion and the oxygen capacity decreased There was no change in the 
carbon dioxid content of the arterial or venous blood It is inteiesting 
to note the high carbon dioxid content and capacity (78 21 volumes 
per cent ) of the venous plasma Scott has called attention to the 
high caibon dioxid capacity of the plasma in chronic pulmonary 
emphysema but has shown that there rvas no appreciable change in the 
pu of the blood Respiratory experiments carried out on this patient 
showed a high aveolar carbon dioxid and there was an improvement 
in the respiratory minute volume with the normal mechanism 

Case 8 (4) (Tables 1 and 2) — Patient, female, white, aged 48 years, was 
admitted Dec 12, 1921, and discharged Dec 31, 1921, improved and with 
normal mechanism 

Htstoiy — Patient had an acute attack of rheumatic fever fourteen years ago, 
four years later she had a second attack with cardiac involvement There was 
dyspnea on exertion, but she lived quietly and within her cardiac reserve, 
until Januarj, 1921, when she overworked In March, 1921, her heart began to 
beat rapidly and there was marked orthopnea She was in bed for one month 
and took digitalis Since then she has been in bed at intervals 

Eiaiwnatton — There was slight cyanosis of lips, but no dyspnea The heart 
was not enlarged No thrill was i resent Rhythm was totally irregular A 
short sjstolic murmur and a shoit early diastolic murmur were heard at the 
apex A few rales were heard at the bases of the lungs Edema was absent 
The Wassermann test was negati\e 

Diagnosis — Chronic rheumatic endocarditis, mitral stenosis and insufficiency, 
myocardial insufficiency, auricular fibrillation 

Trcatiiicuf Digitalis was not necessary December 16 the use of quinidin 
sulphate was begun It was discontinued December 19 because of nausea and 
abdominal pain December 24 quiniain sulphate was used again and the patient 
reierted to normal mechanism The patient was discharged with normal rhythm 
and it was still present in ^pnl, 1922 

1 bis case showed an advanced structural cardiac change viuth almost 
no cardiac reserve at the time of admission After reversion to the 
normal mechanism she was tremendously improved subjectively and the 
rhvtbm was still regular when she was seen in April, 1922 She was 
doing her own housework After the onset of the normal mechanism, 
the arterial saturation decreased and later returned to noimal There 

as a decrease in the venous saturation and an increase in the coefficient 
of utilization under the normal rhythm There was an increase in 


16 Scott, R \V \rch Int Mtd 26 544 (Oct ) 1921 
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oxygen consumption and in oxygen capacity and an impro\ement in 
the ^ ital capacity 

Case 9 (12) (Tables 1 and 2) — Patient, a male, white, aged 60 years was 
admitted Jan 5, 1922, and discharged Feb 10, 1922, improved, but with 
auricular fibrillation 

HjsIoiv — Dyspnea and palpitation began fifteen years ago, when digitalis 
Mas gnen Dyspnea has gradually increased m seventy Muth occasional 
orthopnea Edema of ankles M'as present for three mdnths A cerebral acci- 
dent tMO and one-half 3 ears ago icsiilted in an aphasia of a few M'ceks dura- 
tion A similar cerebral accident occurred m October, 1921, which left a 
permanenl aphasia 

Examuiafioit — Patient had a marked arteriosclerosis, d 3 'spnea, marked cyano- 
sis, chronic passive congestion of the lungs and some emphysema The heart 
Mas eiilaiged, and the rhythm Mas totally irregular A systolic apical murmur 
Mas transmitted to the axilla Localized presystohc murmur M'as heard at the 
apex The Iner edge M’as palpable to the level of the umbilicus There was no 
edema The Wassermann test M’as negative 

Dtagnc<;i <; — Chronic rheumatic endocarditis, mitral stenosis and msufficienc 3 ’ , 
m 3 'Ocardial msufficienc 3 , slight emt>hysema , auricular fibrillation 

Treatment — From January 6 to 11 digitalis M’as given, bringing the cardiac 
rate to 65 Mith a pulse deficit of from 6 to 10 beats January 12 the use of 
quinidm sulphate Mas begun, and on Januar 3 ’ 14 normal mechanism M’as 
restored Januar 3 21 there was reversion to fibrillation and January 23 quimdm 
sulphate Mas discontinued because of rise m temperature and the presence of 
rales m the chest Digitalis M’as then given January 31 the use of quimdm 
Mas begun again but the patient had a chill M’lth a rise in temperature and 
quimdin vas discontinued Februemv 5 digitalis Mas started again The patient 
Mas discharged Mith fibrillation atill present 

This case of auiiculai fibi illation with cardiac failure was digitalized 
before qtiinidin sulphate was begun Subjectively the patient was not 
improved by the noimal mechanism, and later tvhen he reveited to 
fibrillation he could not take quinidin without an unfavorable reaction 
The slight anoxic anoxemia present during the fibrillation is accounted 
for b) the pulmonary congestion There tvas a furthei increase in 
the anoxic anoxemia with the onset of the normal mechanism, but 
Febiuary 10, after reversion to fibi illation, wdien there were no signs 
of pulmonary congestion, the arteiial satuiation was 100 per cent 
The venous anoxemia and the coefficient of utilization increased, indicat- 
ing that theie was no improvement of the blood flow with the normal 
mechanism There was a piogressive rise m oxygen capacity ivhicli 
ivas probably a compensatoiy mechanism The oxygen consumption 
mci eased The vital capacity deci eased but later improved on 1 eversion 
to fibi illation 

GROUP II 

Case 10 ( 6 ) (Tables 3 and 4) — Patient, a male, white, aged 58 3 'ears, M’as 
admitted Jan 3, 1922, and discharged Jan 10, 1922 improved, and M’lth normal 
mechanism 

Histotv — Dec 7, 1920, the patient M’as aw’akened by a “pounding of his 
heart” lasting tM’O hours, folloM’ed by dvspnea, M'eakness and edema of ankles 




* DilTerence between o\5'gcn content ind oxygen capacity is probably due to excess oxygen in physical solution I hose were checliCd by saturating a second 
sample of blood , , , . „ , ; » *i,„ 

t Deep vein punctured in attempt to get arterial blood Recorded as of interest, showing difference in saturation between blood from a very deep vein at tne 
elbow and the superllcial vein at bend of elbow 


TABLE 4 — Cases in Groups II and III 
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He was in the hospital for three ^veeks and was found to have fibrillation 
He was treated with digitalis He was discharged without signs of failure 
In Februarj, 1921, he had a second attack of cardiac failure and was in the 
hospital for four weeks, following which he was kept on digitalis 

E'xavuuatiou — There were no signs of cardiac failure, except a slight cyano- 
sis The heart was slightly enlarged The rhythm was totally irregular A 
loud blowing S 3 stohc murmur was heard at the apex, and a systolic murmur 
o\er the pulmonic area This murmur was transmitted to the neck vessels 

Diagnosis — Chronic rheumatic endocarditis, mitral stenosis, mitral insuf- 
ficiency, cardiac hypertrophy and dilatation, slight myocardial insufficiency, 
auricular fibrillation 

Ttcafinenf — Digitalis was not necessary January 3 the use of quinidm 
sulphate nas begun and the patient reverted to normal mechanism January 4 
He was discharged with normal mechanism Patient still had a normal rhythm 
when seen in March, 1922 

This patient had two very severe cardiac breaks, and had very little 
cardiac leserve, but with the continuance of the normal mechanism this 
was gieatly impro 3 ed Unfortunately, no blood studies were made 
during the period of fibrillation After the onset of the normal 
mechanism the artenal saturation was low, later going up to a normal 
le3el where it lemained There was a venous anoxemia at first but 
subsequent examinations after the continuance of the normal mechanism 
showed a great improvement both in the venous saturation and in the 
coefficient of utilization The patient’s anemia improved and there 
was marked increase m the vital capacity 

Casl 11 (1) (Tables 3 and 4) — Patient, a male, white, aged 49 years, was 
admitted Aug 23, 1921, and discharged Oct 29, 1921, improved, and ivith nor- 
mal mechanism 

Histo)\ — Precordial pain began m April, 1921 Later, there was d 3 'spnea 
on exertion and the patient went to a hospital for six weeks Soon after dis- 
charge he began to have abdominal pain and edema of the ankles When he 
■was admitted here he was complaining of shortness of breath, pain m the 
stomach and swelling of the feet 

Exaihinatwn — He had some dyspnea, rales at bases of the lungs and edema 
The cardiac rlnthm was totally irregular The heart was enlarged but there 
were no murmurs The liver was enlarged The Wassermann test was nega- 
tu e The apex rate w'as 120, with a pulse deficit of 10 The peripheral arteries 
were tortuous and thickened 

Arteriosclerosis, in 30 cardial degeneration, m 30 cardial msuffi- 
cienci auricular fibrillation 

T) (atnunf From August 23 to Oct 8, 1921, the patient received digitalis, 
but showed onl 3 moderate improvement October 8 the use of quinidin sul- 
phate was begun and the patient i everted to normal mechanism October 10 
He was discharged with a normal mechanism 

Ihe patient showed marked myocardial change with a very slight 
cardiac leserie Digitalis cleared up his signs of cardiac failure, but 
as soon as the patient got up the signs returned With the normal 
mechanism there 3\as a great subjective improvement, and the building 
up of the patient’s cardiac reser\e tvas very rapid He evas able to 
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start moderate woik again without discomfoit The noimal mechanism 
has peisisted foi eight months The blood gas studies were not in 
piogiess when the patient ie\eited to the normal mechanism but sub- 
sequent examinations showed, first, an aiterial anoxemia which later 
disappeaied and an inci eased venous satuiation, without any change 
in the coefficient of utilization because of the use in arterial saturation 
The vital capacity inci eased pi ogi essively 

GROUP III 

Case 12 (15) (Tables 3 and — Patient, male, white, aged 45 years, was 
admitted Nov 28, 1921, and discharged Dec 21, 1921, improved, but with 
auricular fibrillation 

Hisfoiv — The patient first had djspnea eighteen years ago The pulse was 
irregular in June, 1913 The first caidiac failuie was in November, 1920, dur- 
ing an attack of bronchopneumonia He had two subsequent attacks of cardiac 
failure He has taken digitalis since April, 1921 

Exaimnatxon — There was slight dyspnea, but no edema, no rales, and no 
pulse deficit The rate was 88 The heart was not enlarged The rhythm was 
totalh irregular There was a rumbling murmur throughout diastole ending 
a little before the first sound The Wassermann test was negative 

Diagnosis — Chronic rheumatic endocarditis, mitral stenosis and insuffi- 
cicnci , myocardial insufficiency , auricular fibrillation 

Ttcatincnt — Digitalis was not necessarj December 3 the use of quinidin 
sulphate was started, and was discontinued December 10 because of subjective 
discomfort Quinidm was given December 11 but again discontinued because 
of signs of cardiac failure December 12 the use of digitalis was started again 
The patient was discharged with auricular fibrillation 

The patient showed maiked structural change m the heart with 
gieatly diminished caidiac reserve Attempts to restore the normal 
mechanism with quinidin sulphate failed and signs of cardiac failuie 
appeared rapidly when digitalis was stopped The arterial saturation 
was normal in spite of the pulmonaiy congestion There was a marked 
■venous anoxemia, and a high coefficient of utilization, pointing to a 
very sluggish circulation This may have accounted for the high arterial 
saturation, because with the slow blood flow the blood had time to 
become fully oxygenated in the lung capillaries The patient was 
finally discharged with auiiculai fibrillation, fairly well compensated 
but with a low cardiac reserve 

Case 13 (16) (Tables 3 and 4) — Patient, a male, white, aged 39 years, was 
admitted Dec 21, 1921, and discharged Jan 26, 1922, improved, but with 
auricular fibrillation 

History — In August, 1919, the patient became dizzy, fainted and vomited 
After this he had frequent attacks of indigestion Dyspnea has gradually come 
on since then and is the chief comp’aint at the present time Patient is now 
orthopneic 

Examination — There was dyspnea, slight cyanosis of the lips and fingers, rales 
at the bases of the lungs posteriorly The rhythm was totally irregular, with a 
short systolic murmur at the apex The second sound was followed after an 
interval by a soft blowing diminuendo murmur There was no pulse deficit 



ARCHIVES OF INTERNAL MEDICINE 


Diagnosis — Chronic rheumatic endocarditis, mitral stenosis and insufficiency, 
mjocardial insufficiency, auricular fibrillation 

Ti catment —Digit&hs was not necessary December 23 the use of quinidin 
sulphate was started but discontinued December 30 because of diarrhea From 
Jan 1 to 8, 1922, digitalis was given January 9 quinidm sulphate was given 
again January 19 quinidin was discontinued because of the return of cardiac 
failure and digitalis was given again The patient was discharged fibrillating 

This patient was admitted with a mild degree of heart failure 
but with very little cardiac reserve Two trials were made with 
quinidin sulphate without changing the rhythm As soon as digitalis 
was stopped, signs of cardiac failure developed at once Arterial and 
venous samples taken once during fibrillation showed a very slight 
anoxic anoxemia with a normal venous saturation and a normal 
coefficient of utilization 

Case 14 (Tables 3 and 4) — Patient a female, white aged 22 years, was 
admitted March 3, 1922, and died March 12, 1922 

Histoiy — She had had repeated attacks of tonsillitis The tonsils were 
excised An attack of rheumatic fever and the first cardiac break came m 1911 
Two subsequent attacks of cardiac failure, with discovery of fibrillation, occurred 
m June, 1920 She has been fairly comfortable with the use of digitalis since 
the last attack but becomes very dyspneic and has palpitation on exertion 

Examination — The heart was enlarged At the apex there was a blowing 
systolic murmur, and rumbling middiastolic murmur The rhythm was totally 
irregular The apex rate was 92 the radial pulse was 84 There were no 
rales and no cyanosis, but there was a slight edema of the ankles The Wasser- 
mann test negative 

Diagnosis — Chronic rheumatic endocarditis, mitral stenosis and insuffi- 
ciency, cardiac hypertrophy and dilatation, myocardial insufficiency, auricular 
fibrillation 

Ti catment — From March 3 to 8, 1922, digitalis was given March 6, the 
use of quinidin sulphate was begun and patient reverted to normal mechanism 
March 11 During the day she was comfortable, at 7 30 p m, she complained 
of palpitation and orthopnea The apex rate was 120, the radial pulse was 60, 
a tjpical two to one rhythm At 2 a m, March 12, the patient had a short 
convulsion and died A necropsy was not permitted but it was supposed that 
she had cerebral embolism This was the only fatality directly attributable 
to the use of quinidin m the series reported in this paper 

This patient showed marked structural cardiac changes with a 
great functional impairment of the heart The circulation was quite 
efficient when the patient was at rest, as shown by the normal arterial 
and venous saturation The coefficient of utilization was normal 
The Mtal capacity, however, was greatly diminished The patient died 
shortl} after the onset of the normal mechanism so that studies were 
not made on the blood gases aftei re\ ersion to the normal rhythm 

C^SE 15 (17) (Tables 3 and 4) — Patient, female, colored, aged 22 years, 
Mas admitted Nov 9. 1921 and dieo Nov 28 1921 

History— She had had rheumatic fever at 11 jears, “dropsy” at 15 years, 
during a cardiac failure lasting ten months An attack of influenza m 1918 was 
followed b\ cardiac failure She had pneumonia in March, 1921, w'hich was 
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followed by the present attack of cardiac failure Edema and dyspnea, which 
had occurred only during the menses, now became permanent She had occa- 
sional orthopnea 

E\amxnaUon — There were rales at the bases of the lungs The heart was 
greatly enlarged The rhythm was totally irregular At times a thrill, appar- 
ently systolic, was felt in the anterior axillary line in the fifth and sixth inter- 
spaces There was a systolic thrdl in the second interspace, m the region of 
the conus, with systolic and diastolic murmurs at the apex, and a systolic mur- 
mur in the second interspace to the left of the sternal line, with marked accen- 
tuation of the first and second sounds The liver was almost down to the 
umbilicus It was tender and pulsating Edema of ankles was present The 
Wassermann test was negative 

Diagnosis — Chronic endocarditis, pericarditis, mitral stenosis and insuf- 
ficiency, myocardial insufficiency, auricular fibrillation 

Ticatmcnt — ^From November 11 to 18 the patient received digitalis, when it 
was discontinued because of nausea and vomiting November 23 the use of 
digitalis was started again The patient steadily grew worse and died 

This IS a case of rheumatic heart disease with extieme structural 
change m the heart, and functionally maiked limitation of cardiac 
reserve The peiipheial circulation was sluggish, as shown by the 
marked stagnant anoxemia A deep vein was punctured Novembei 18 
in an attempt to do an arterial puncture The blood taken from this 
vein was much less saturated than that taken from the median basilic 
vein No fuither attempt was made to do an arterial puncture because 
of the patient’s condition There was an increase in oxygen capacity 
between the two punctures pointing to a failing ciiculation with an 
attempt to o\ercome the failuie by an increase m hemoglobin 

DISCUSSION 

In seven out of the nine cases studied during fibrillation and during 
the normal mechanism there was an increase in the venous oxygen 
saturation and a decrease in the coefficient of utilization under the 
normal mechanism The term coefficient of utilization of oxygen 
carrying power of the blood was introduced by Krogh and Lmhard 
and was emphasized by Means and Newburgh This teim is applied 
to the difference between the arterial and venous oxygen saturation 
in terms of percentages It is normally below 30 per cent , with 
an average aiterial saturation of 95 per cent and a venous satuiation 
of 65 per cent or more It may be pointed out that with an arteiial 
saturation of 85 per cent and a venous saturation of 55 pei cent 
the coefficient of utilization lemains 30 per cent, and fiom the point 
of view of the systemic blood flow the circulation is just as efficient 
as m the first case, the respiratory exchange of the blood taking place 
on a lower level Cyanosis occuis at a higher figure of oxygen satura- 
tion when an anoxic anoxemia is present as well as a stagnant anoxemia, 

17 Krogh, A , and Lmhard, J Skand Arch f Physiol 27 100, 1912 

18 Means, J H , and Newburgh, L H Tr Assn Am Phys 30 51, 1915 
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than It does in the piesence of a normal arterial saturation Lunds- 
gaard^^* suggested this by indirect figures, and Stadie ® by taking 
arteiial samples proved it to be the case in pneumonia 

The improAement m the venous satuiation and the decrease m the 
coefficient of utilization we have interpieted as due to an improvement 
in the systemic blood flow , if the circulation rate is increased the blood 
does not lemani in the capillaiies as long and the blood enteiing the 
veins has not given up as much oxygen to the tissues as is the case at 
a slowei late If, m response to the need of the tissues, a definite 
volume of oxygen leaves a unit volume of blood in a given time, 
when twice the volume of blood passes through the same aiea and 
the same amount of ox;ygen is extracted, each unit volume of blood 
will gne up only one half the volume of oxygen previously lost, and 
the venous oxygen satuiation will, therefore, be so much the higher 
The ability of the tissues to use oxygen at a very low tension is seen 
in anemia uheie the blood leaving the capillaries may be almost com- 
pletely depiived of oxygen^® Meakins showed that when an aiea 
IS exposed to cold, venous blood may contain little oi no oxygen It 
hardly seems possible that a change m tissue metabolism, or in the 
cross section of the capillary bed would so constantly take place with 
the onset of the noimal mechanism as to give the increased venous 
satuiation, and it seems much more likely that the change is due to 
an impioced blood flow 

All the cases, except Case 1, shouted a deciease in the percentage 
of arteiidl saturation immediatel}'’ after the onset of the normal 
mechanism The arteiial saturation leturned to normal in all cases 
except two in which theie was a pathologic lesion (emphysema) 
which would tend to prevent it In Case 7, although the respiiatory 
minute \ oluine -was increased aftei the onset of the normal mechanism, 
and the vital capacity was also increased, nevertheless, the arterial 
saturation ivas decreased immediately after the onset of the normal 
mechanism in spite of the imprmed pulmonar} ventilation We have 
explained this phenomenon in the followung i\a} During fibrillation 
the blood flow through the lung capillaries is slow’', and the blood has 
time to leach a maximum oxygenation With the onset of normal 
mechanism and the more rapid circulation rate, the blood does not 
sta}’’ in the lung capillaries so long, and does not have time to reach 
the maximum saturation ivith oxygen Later there is a compensation 
for this and the blood becomes fully saturated 

In se\en of the nine cases m Gioup I there was a diminution in 
0 '^}gcn consumption after the onset of the normal mechanism and 
Case 2 showed it with each i eversion to the normal rhvthm Cases 

19 Liindsgaard, C J Expcr M 30 271, 1919 

20 Jikakins, J C T Path & Eacteriol 24 79, 1921 
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2. 6 and 7, with high oxygen capacities, and Cases 1 and 3 with slightly 
lower oxygen capacities, showed a decrease in oxygen capacity after 
the onset of the noimal mechanism or with its continuance It would 
seem that the high hemoglobin content in these cases was a lesponse 
to oxygen want dm mg fibrillation, and was a compensatoiy mechanism 
The chronic caidiac as well as the chronic pulmonaiy emphysema 
patient very often has a high oxygen capacity, which must be looked 
on as one of the mechanisms of the body to make up foi the impaired 
circulation in the one case and the incomplete oxygenation of the 
blood 111 the lungs in the other, and when fibrillation is added to either 
condition there is an increased loss of efficiency 

Case 4 with a marked anemia improved greatly after the onset 
of the normal rhythm How much of the later impioiement was due 
to iron in the form of Blaud’s pill cannot be estimated Five other 
cases with moderate anemia or normal hemoglobin had an increase 
m the oxygen capacit}'- with the normal mechanism 

The behavior of the carbon dioxid content of the arterial and venous 
blood was variable Case 1 had a low carbon dioxid content after the 
onset of the normal mechanism which gradually rose to noimal Case 2 
also had a low carbon dioxid content which increased with the normal 
rhythm and continued to increase when the patient later i everted to 
fibrillation Case 3 had a carbon dioxid content at the normal level 
during fibrillation which decreased with the normal rhythm, later slowly 
rising to normal Case 4 with a low carbon dioxid content during 
fibrillation had a further deciease after the normal mechanism but this 
later went above normal The carbon dioxid content of the venous 
blood in Case 6 on one analysis was 68 55 volumes pei cent at a time 
when the patient was near an open window, and was feeling chilly and 
had marked cyanosis Case 7 showed the high carbon dioxid content 
which has been found in chronic pulmonary emphysema There was no 
change after the onset of the normal mechanism The caibon dioxid 
capacity of the venous plasma in this case was 78 21 volumes per cent 

All patients, with dhe exception of Case 9, showed an improvement 
in the vital capacity after the onset of the normal mechanism, which 
apparently made possible a more efficient pulmonary ventilation The 
disappearance of dyspnea after the onset of the normal mechanism, 
coincident with improvement in the vital capacity lends weight to the 
suggestion of Peabody that cardiac dyspnea is due m part to dimin- 
ished vital capacity 

The details of the quinidin therapy of these patients with a study of 
their progress from a clinical point of view are given by Burwell 

21 Peabody, F W, and Wentworth, J A Arch Int Med 20 443 (Sept) 
1917 
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and Dieuaide^" m which the same case numbers are used as m the 
present paper These studies show that the circulation is improved by 
the restoration of the normal mechanism and offer a lational basis for 
an attempt to bring about reversion to the normal mechanism by the 
use of quinidin sulphate in selected cases The advantages of quinidin 
therapy seem to be four 

1 Marked subjective improvement of the patient under the normal 
mechanism 

2 Great increase in the cardiac reserr e 

3 Improved pulmonary ventilation 

4 Improvement in the oxygen saturation of the venous blood, and 
on the basis of the coefficient of utilization, improvement in the 
peripheral systemic blood flow 

SUMMARY 

1 Fifteen cases of auricular fibrillation were studied from the poii 
of view of the blood gases Fourteen of the patients received quinidin 
sulphate , twelve reverted to normal mechanism One patient died soon 
after reversion to normal mechanism, so that no studies were made 
during the noimal rhythm Unfortunately, in two other cases no 
studies were made in the presence of fibrillation but the progressive 
improvement with persistence of the normal mechanism is clearly 
shown The nine remaining cases were carefully studied during fibril- 
lation and during the normal mechanism 

2 Seven of the nine cases referred to aboie showed a definite 
increase in the venous oxygen saturation and a diminution m the 
coefficient of utilization and in oxygen consumption with the onset of 
normal mechanism, which was interpreted as due to an improvement in 
the blood flow Tavo other cases showed improvement with con- 
tinuance of the normal mechanism 

3 A reduction in percentage of the arterial oxygen saturation with 
the onset of normal mechanism, followed later b}^ an increase in the 
percentage of arterial oxygen saturation to normal (except in two cases 
of emphysema), was consistently found An explanation of this 
phenomenon is offered 

4 Two cases showed no improvement m the venous oxygen satura- 
tion nevertheless, one of these patients was greatly improved clinically 
vhile the other reverted to fibrillation almost immediately 

5 In three cases with a high oxygen capacity and two others Avith 
a lower oxjgen capacity there rvas a definite fall in oxygen capacity 
after the onset of nonnal mechanism It is suggested that the high 
hemoglobin present rvas a compensatory mechanism 


22 Burwell C S and Dieuaide, F R z^rch Int Med to be published 



STEWART— BLOOD GASES 


893 


6 In one case of rather severe anemia there was a marked rise m 
the hemoglobin tinder the normal mechanism Five other patients with 
moderate anemia or normal hemoglobin showed an improvement in the 
oxygen capacity with continuance of the normal mechanism 

7 The changes m the carbon dioxid content were variable 

8 The vital capacity was consistently increased after the onset of 
the normal mechanism 



EXPERIMENTAL URANIUM NEPHRITIS 

A CHEMICAL AND PATHOLOGIC STUDY * 
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AND 
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SANTA BARBARA, CALIF 

It IS well known that uranium nitrate given subcutaneously to 
laboratory animals will produce varying degrees of kidney injury Large 
single doses cause an extremely acute necrosis of the cells lining the 
convoluted tubules, from which the animal may not recover But when 
smaller doses are given over a long period of time, a marked chronic 
nephritis results Dickson ^ demonstrated this m guinea-pigs Chiistian - 
and his associates have produced it m rabbits MacNider ^ has obtained 
similar results in rabbits and dogs 

The kidney pathology in experimental uranium nephritis has been 
described The uiinary changes during the uranium intoxication have 
also been followed But since much of this woik was done before the 
advent of blood chemistry, con elated studies of the chemical changes in 
the blood and urine, the renal functional tests and the pathology of the 
kidneys at various stages of the intoxication have not been frequently 
done MacNider’s researches must be excepted He has advanced our 
knowledge of expenmental nephritis materially 

The present woik was undertaken as a correlated study of the 
pathology of uranium nephritis and the various chemical changes in the 
blood and urine These changes were followed for long periods of time 

Matcnal — A large number of rabbits were used They varied from 
9 to 12 months in age None of them had spontaneous nephritis since 
their blood and urine chemistry was carefully studied before their 
intoxication with uranium began Some animals were discarded because 
they had a spontaneous nephritis 

Method — Selected animals were placed m separate metabolism 
cages Each was fed 100 gm of a mixed diet of cabbage leaves, barley, 
carrots and alfalfa hay They were given water ad libidum The 

*From the laboratories of the Santa Barbara Cottage Hospital 

1 Dickson, EC \ Further Report on the Production of Experimental 
Qironic Nephritis in Animals by the Administration of Uranium Nitrate, 
Arch Int Med 9 557 (Ma^) 1912 

2 Christion H A , and O’Hare, I P Glomerular Lesions in Acute 
Experimental Nephritis J Med Research 23 227, 1913, Christian, H A , 
Smith, R N , and Walker, I C Experimental Cardiorenal Disease, Arch Int 
Med 8 469 (Oct ) 1911 

3 MacNider, Wm de B A Functional and Pathologic Study of the 
Chronic Nephropathj Induced in the Dog bj Uranium Nitrate J Exper Med 
29 513 1919 A Pathologic Stud\ of the Naturally Acquired Chronic Nephro- 
path\ of the Dog T Aled Research 34 177 1916 
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urine fiom each cage was caught in a vessel containing 5 cc of a 
5 per cent solution of h} di ochloi ic acid to pi event the conveision of 
urea into anunonia (NH3), in the noimall}^ alkaline rabbit urine These 
specimens were analyzed foi albumin, and, if present, the amount m 
grams was recorded Casts weie seal died foi in centrifuged specimens 

The total nitiogen (T N ) of the uiine was determined by the 
simplified Kjeldahl method,"* the urea nitrogen (U N ) by the Folm 
and Youngberg method,** the ammonia (NH,) by the niici ochemical 
method of Folm and McCollum,** the cieatmm (CN ) b} the Fohn 
colorimetric method , " the uric acid nitrogen (U A N ) by the Fohn and 
Wu method,® and the organic acids (O A ) by the Van Slyke and 
Palmer methods® Acetone and diacetic acid weie also sought foi by 
the usual tests 

Sufficient blood was withdrawn from the marginal eai vein into a 
flask containing 10 rag of calcium oxylate to determine the nonprotein 
nitrogen by the method of Fohn and Wu,*® the urea nitrogen by the 
method of Fohn and Wu,*® the carbon dioxid by the method of Van 
Shke and Cullen,** and the alkali reserve (R/>h) by the method of 
Marriott *® 

From twenty-four to forty-eight hours following an initial sub- 
cutaneous injection of from 2 to 4 mg of uranium nitrate dissolved 
in sterile distilled watei, various changes were noted in the blood and 
mine The nonprotein nitiogen of the blood, for example, increased 
daily for from three to six da 3 ^s and then chopped again until approxi- 
mately a normal level was reached The animal was then allowed to 
rest a sufficient time to permit all acute reaction in the kidney to 
subside He was then given a laiger dose of uranium nitiate subcu- 
taneously and the various tests were repeated The rest periods between 
the injections of uranium varied roughly from three to sixty days 
The irregularity of this inteival was due to the varying time each animal 

4 Folm O F A Simplified Kieldahl Method for Urine, T Biol Chem 
38 461, 1919 

5 Folm, O F , and Youngberg, G E Note on the Determination of Urea 
m Urine by Direct Nesslenzation, T Biol Chem 38 111 1919 

6 Folm, O F, and McCollum, A B On the Determination of NHj m 
the Urine, J Biol Chem 2 523, 1912 

7 Folm, O F Approximately Complete Analyses of Thirty Normal 
Urines, Am J Physiol 13 45 1905 

8 Folm, O F , and Wu, H A Revised Colorimetric Method for the 
Determination of Uric Acid m Urine, J Biol Chem 38 459, 1919 

9 Van Slyke, D D , and Palmer W W Titration of Organic Acids, 
Proc Soc Exper Biol & Med 16 140, 1919 

10 Folm, O F , and Wu, H A System of Blood Analysis, J Biol Chem 
38 81, 1919 

11 Van Slyke, D D , and Cullen, G E The Bicarbonate Concentration of 
•the Blood Plasma, Its Significance, and Its Determination as a Measure for 
Acidosis, J Biol Chem 30 289, 1917 

12 Marriott, W McK A Method for the Determination of the Alkali 
Reserve of the Blood Plasma, Arch Int Med 17 840 (June) 1916 
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required to reestablish his acid base equilibrium and for his blood and 
urine chemistry to return as nearly to their normal levels as possible 
During the later stages of the experiments, normal figures were not 
reached because a marked chronic nephritis had been established 

The dosage of uranium per injection was gradually increased from 
2 mg to the notably high figure of 50 mg The longest and the shortest 
experiments included in this report covered periods of one hundred and 
seventy-five and seventy-four days, respectively Data from animals 
dying during the earhei days of the experiments are not included in 
this study 

A statistical table was made for each animal The various findings 
for each day were recorded From these tables curves have been plotted 
which depict graphically the rise and fall of the chemical constituents 
of the blood and urine 

With all of this data before us in both table and graphic form, we 
ha\e noted the various findings in each individual instance and the find- 
ings of one rabbit as compared with another For example, we have com- 
pared the organic acids of the urine with the alkali reserve and the 
carbon dioxid of the blood, since each of these may be used clinically 
as an index of the acid-base balance When there is an acidosis, as 
determined by the above methods, we have studied the ammonia of urine 
together with its total nitrogen and urea nitrogen At the same time we 
ha\e noted the presence and amount of albumin, of casts, of acetone 
and diacetic acid Likewise we have studied the nonprotein nitrogen 
and urea nitrogen of the blood, noting their rise and fall and their 
relation to the urine findings 

Finally, these animals having given evidence of a chronic nephritis 
for a long period of time, their phenolsulphonephthalem elimination was 
determined and they were killed A careful postmortem examination 
was made The kidneys were given especially careful histologic study 

Results — Following an injection of uranium there occurred, within 
from twenty-four to forty-eight hours, a decrease in the amount of urine 
excreted This was followed by a marked increase, which usually 
reached a maximum from the fifth to the seventh day and then gradually 
decreased, reaching an approximate normal from the tenth to the 
twelfth day 

Uiiuc Chemistjy — Albumin and casts appeared wnthin twenty-four 
hours following the injection of uranium They disappeared in a few 
da>s following the first and smaller injections, but during the latter part 
of the experiments albumin was continually present and casts w^ere 
usually found for some dajs following each injection There was, 
howeier, no constant relation betw^een the amount of albumin excreted 
and the chemical findings of either blood or urine, nor with the degree 
of acidosis present This also holds true with nephritis m man It 
has frequently been demonstrated that the albumin content of the urine 
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IS not an index of the functional ability of the kidney nor of the extent 
of the kidney damage present 

The total nitrogen and the urea nitrogen of the urine bore a fairly 
constant relationship to each other throughout these experiments 
Immediately following the injection of uranium both decreased in 
amount From the second to the fourth day they began to increase, 



Fig 1 Changes in the nonprottm nitrogen of the blood and in the total 
nitrogen nrea nitrogen and the amount of urine following an injection of 
4 mg of uranium in Rabbit S 


reaching a luaMnnini amount in the urine two or three days after the 
nonprotein nitrogen in the blood was highest, then gradual!} returning 
to normal (Fig 1) The total nitrogen of the urine was frequently 

13 Moschowitr, E Clinical and Anatomic Relations in Chronic Nephritis, 
Arch Int Med 24 259 (Aug) 1920 




Fig 2 — Illustrating the marked similarity in the vaiiation of the amounts 
of the total nitrogen, urea nitiogen, ammonia, organic acids and the total urine, 
following repeated injections of uranium, when charted on logarithmic paper 
(Rabbit 4) 
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Fig 3 — The same curves as in Figure 2 when plotted from data obtained 
from Rabbit 6 
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increased to twice its normal amount The highest reading obtained 
was 3 34 gm m a twenty-four hour specimen of urine of which the 
normal reading was 1 15 gm The urea nitrogen m this same experi- 
ment and on the same day was 3 15 gm in a twenty-four hour specimen 
of urine, whereas its normal level was 0 92 gm The curves representing 
the increase and decrease m the amounts of total nitrogen, urea nitrogen, 
the organic acids and ammonia in the urine and the curve representing 
the total amount of urine were quite uniformly proportionate when 
plotted on logarithm paper (Figs 2, 3, and 4) These changes were 
uniform enough so that by following two of these urinary constituents 
a fair idea of the kidney activity was obtained 

Traces of acetone and diacetic acid were present in the urine follow- 
ing the initial doses of uranium nitrate in only two rabbits Following 
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Fig 4 The same curves as in Figure 2 when plotted from data obtained 
from Rabbit 3 


the larger doses they were quite regularly present in amounts vary- 
ing from a trace to three plus In one instance, however, following 
an injection of 40 mg of uranium nitrate, as a result of which the 
carbon dioxid of the blood serum ranged from 25 5 to 33 volume per 
cent and the alkali reserve fell as low as 7 6, there occurred no trace 
of either acetone or diacetic acid This is not in accord with the belief 
of ATacNider that the toxicity of uranium is dependent on its ability to 
jiroduce organic acids and acetone bodies “ 


14 MacNider, Wm de B The Inhibition of the Toxic Effect of Uranium 
A itratc Sodium CJsrlion&tc and the Protection of the 
Nephropathic from Uranium from the Toxic Action of 
Sodium Carbomte, J Exper M 23 171 1916 
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The creatimn and urea acid nitrogen of the urine showed less gross 
deviation from the normal than any of the constituents studied But 
when the changes were charted on logarithm paper they were found to 
be proportionately as marked as any of the other constituents How- 
ever, in one animal (Rabbit 3), both were slightly decreased throughout 
the entire experiment which ran 175 days At the end of this expeii- 
ment the phenolsulphonephthalein output was reduced to 10 per cent 
in two hours Pathologically, these kidneys presented the most marked 
chronic change of any of the series, as is shown in the pathological 
report 

Blood Chemisity — Following the initial injection of uranium nitrate, 
each animal reacted with a sharp rise in the nonprotein nitrogen and 
the urea nitrogen of the blood These increased amounts reached a 
maximum from the fourth to the seventh day and then giadually 



Fig 5 — The changes of the nonprotein nitrogen, the urea nitrogen and the 
carbon dioxid of the blood following repeated injections of uranium (Rabbit 5) 
The similarity of the curves of the nonprotein nitrogen and the urea nitrogen 
IS apparent The continued disturbance of the acid-base balance is shown 
by the curve of the carbon dioxid of the blood serum 

receded The highest figures obtained were 301 mg iionpiotem 
nitrogen and 215 mg urea nitrogen per hundred cubic centimeters of 
blood and followed an injection of 4 5 mg uranium nitrate in a rabbit 
weighing 7 pounds Following the second injection in each of the 
animals, the rise of the nonpiotein nitrogen and of the uiea nitrogen was 
not so pronounced Succeeding injections, although the amount of 
uranium became as high as 50 mg , often resulted in a comparatively 
small increase in these constituents (Fig 5) However, during all of 
this time a chronic nephritis was present and the nonprotein nitrogen 
and the urea nitrogen had reached and maintained a level much higher 
than normal 
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And Ba^e Equihhi nun —As a contrast to the changes in the non- 
proteni nitiogen and the urea nitrogen readings, the disturbance of the 
acid-base equihbiiuni became moie marked following each injection 
(Fig 6 ) In some unpublished woik we have found, as had MacNider,^^ 
that leadings of the caibon dioxid and alkali reserve begin to fall at 
about the twelfth hour follow'ing the injection of uranium, and that the 
Clines continued downward fiom this time The disturbance of the 
acid-base balance seems to precede any other change in either the blood 
or uiine It also appears to precede any histologic change m the 
kidnec 01 the livei, excepting, possibly, an increased amount of fat 
111 ceitain of the livei and kidney cells In the liver the cells about 
the peiiphen of the lobule show an appaient increase in the amount of 
staiiiable lipoid mateiial eighteen hours following the uranium injection 
In the cells lining the loops of Henle and the convoluted tubules of the 
kidnec theie is, likewise, an increase m the amount of stainable lipoid 



Fig 6— Cuives illustrating the 
from data from Rabbit 6 


same changes 


as 


m Figure 5, obtained 


at t iis time \\ hen the total fat in the liver is extracted with ether m a 
^ ox 1 ett apparatus, eve have found a definite increase as compared with 
le amount o ‘'it ”1 control rabbit livers Likewise, we have found the 
oa a o t le \ic ney to hate increased within eighteen hours follownng 
1.C „ranu,m ,nt0Mu,t,0n Tb, .ncrease the total amount ot Jat 
on lime', up o ort) -eig it or even seventy-two hours, apparently reach- 
mg a maximum within seventy-tw'o hours 

In rabbits that die follow'ino’ a cinrries j. r a-Cn 

a. 1 T t, t ^ ^ single injection of uranium, the 

f mu tin 1 ^ figures and the excretory 

f iiK ioiis of tlie ludne, are practically suspended The organic acids 

ot the urine in one such instance increasprl on i ^ + ,yf,r 

four hours to 426 degrees in twenTf 1 F' 

° ^iit}-four hours, during the last few 

StamablJ^LpoId M^i'^ria^m Rena^EpuhS^^ 

path, c Animals uith Obse^^at.ons on thrCncLlT n 

Proc i:\per Biol & Med 11 1922 ^ ‘ ”" 11 ^ Response of the Kidney, 
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days of life, while the ammonia inci eased from 0 003 gm to 0053 gm 
and the cieatinm fiom 0 039 gm lo 0 099 gm in the twenty-four hour 
specimens of urine The statement has been made that the ammonia 
does not mcrease‘'m the urine in patients with chronic nephritis associ- 
ated with acidosis This statement does not hold for experimental 
uranium nephritis m labbits The increase of creatmin in the urine 
IS an expiession of the kidney effort to excrete tins substance which 
is accumulating m the blood Its accumulation in the blood has proved 
of dependable prognostic value 

When a chronic nephritis had lesulted from repeated injections of 
uranium, a persistent acidosis was established m all of our animals 
In one instance the carlion dioxid never became higher than 35 volumes 
pel cent from the one hundied and sixteenth to the one hundred and 



Fig 7 — Curves similar to those of Figure 6 obtained from data on Rabbit 1 
In this single instance there was a marked inciease in the nonprotein nitrogen 
and the urea nitrogen following the final injection of uranium on the one 
hundred and forty-third day 

fifty-fifth day of the expeiiinent, at which time the animal was killed 
(Rabbit 5) During this time the organic acids of the urine ranged 
from 216 to 480 degrees 

The ammonia of the urine was little altered as a result of the milder 
intoxications, but during the latter course of the experiments it was 
increased from ten to forty times with a maximum increase of eighty 
times 

The organic acids of the urine were followed throughout these 
experiments to see how accurate an index this method gave as to the 

16 Marriott, W McK and Howland, J The Influence of Acid Phosphates 
on the Elimination of Ammonia in the Urine, Arch Int Med 22 477 
(Oct) 1918 
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degree of acidosis Normal readings in nonnephritic rabbit urines 
varied from 90 to 120 degrees acidity Whenever an acidosis was 
present, as evidenced by the alkali reserve and carbon dioxid readings, 
there was an increase in the organic acids This increase was most 
marked at the time of greatest acidosis But the total amount of acids 
seemed to bear a more uniform relation to the total amount of urine 
(Fig 8), and did not follow the alkali reserve and carbon dioxid read- 
ings closely enough to make this test as dependable as the latter The 
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F)g 8 — Illustrating the similarity of the curves representing the total 
amount of the urine to the organic acids of the urine The relationship of 
the cur\es of the alkali resen^e to the carbon dioxid of the blood serum is 
also shown (Rabbit 6) 

ease of doing the organic acid test as compared with the technic of the 
alkali reserve and carbon dioxid would tend to make the former a more 
popular method, provided it gave as accurate results 

Pathology The gross changes were limited to the kidneys When 
an animal died of a single dose of uranium, the kidneys were enlarged 
and of a pale color The capsule stripped easily, leaving a smooth 
surface The cut surface bulged The cortex was increased in width 
and its markings were indistinct 
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The kidneys from animals that were killed after having received 
many doses of uranium were not enlarged The capsule usually stripped 
with some difficulty, leaving a slightly rough surface On cut section 
no notable change was observed The microscopic findings were much 
more marked 

PROTOCOL OF EXPERIMENTS 

Rabbit 1 — ^This animal had received a total oi 98 5 mg of uranium over 
a period of 147 days and was killed six days following the last dose of 
40 mg The sections have a patchy appearance The tubules which were 
damaged early in the experiment are lined with rows of low cells with irregular 
nuclei which often push the inner edge of the cell into the lumen of the 
tubule The lumen of the tubule in such instances is increased in width 
Adjacent to this group are tubules with cells so swollen that the lumen is 
entirely filled There are hyaline casts in many of the collecting tubules 
Between the cortex and medulla, especially about the blood vessels, fibroblasts 
are numerous On the whole, however, there is little connective tissue increase 
The glomerulae are not altered 

Summary Mixed, acute and chronic degenerative changes 
Rabbit 2 — A total of 31 mg of uranium was injected over a period of 
seventy-four days Throughout the entire cortex are scattered many round 
cells There is an increased cellulanty of the glomerular tufts The endo- 
thelial cells lining the tuft capillaries are swollen so that the lumen of the 
capillaries is compressed and contains less blood than usual There is an 
exudate between Bowman's capsule and the tuft The cells of the convoluted 
tubules are swollen so that the lumen is filled The nuclei stain poorly and 
the cell cytoplasm has a milky, pale, structureless appearance 

Summary Acute degenerative changes involving the convoluted tubules 
and the glomerulae 

Rabbit 3 — In this case 50 5 mg of uranium were given over a period of 
175 days The tubules are dilated and are lined by low epithelial cells They 
frequently contain hyaline casts The cytoplasm of these cells is granular 
and the nuclei are irregular in shape and size and occupy various positions 
in the cell There is a sharp infiltration of round cells especially about some 
of the glomerulae and along the limbs of Henlc The round cells are epithelioid 
in character, with large nuclei There are also some leukocytes There is also 
a round cell infiltration of a lesser degree about some of the collecting tubules 
The glomeruli are crowded together in many instances and vary markedly 
in size Bowman’s capsule is thickened in some instances There is an increase 
of fibroblasts in the tuft so that it is more cellular than normal There is an 
actual increase of fibrous connective tissue throughout the cortex These 
kidneys present, then, a marked increase in fibrous connective tissue, atrophy 
of some tubules, dilatation of others and chronic cellular change in others 
This IS an excellent example of chronic change 

Rabbit 4 — This animal received, over a period of 103 days, a total of 
81 mg of uranium, 50 mg having been given two days before death These 
kidneys present an extreme, acute degeneration The cells lining the con- 
voluted tubules and the ascending and descending loops of Henle are so swollen 
that the entire tubules are filled, the cell outlines are obliterated and the nuclei 
themselves are for the most part not visible These changes are so evident that 
patches of the section appear solid gray, the glomerulae m these portions 
being surrounded by such filled up patches The glomeruli contain fine 
hyaline-likc bodies in the capillary walls (Councilman’s bodies) This is 
the only instance in which these bodies are found 

The tubules in the outer portion of the cortex are much less involved, 
although their lumens are filled with necrotic material and the cells themselves 
are less well defined than usual 
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Summary Extreme, acute degenerative changes in the tubules with hyaline 
droplets in the glomerular tufts 

Rabbit S — Over a period of 155 days 98 5 mg of uranium were injected 
The convoluted tubules and the loops of Henle present evidence of moderate 
chronic change Low irregular cells line the tubules There are many 
hyaline casts in the tubules There are scattered areas of round cell infiltration 
representing beginning fibrosis There is a proliferation of the capillary 
epithelium with less blood than usual m the tufts There is also a slight 
thickening of Bowman’s membrane 

Summary Moderate chronic change 

Rabbit 6 — The total amount of uranium injected over a period of 136 
days was 65 mg The convoluted tubules have, for the most part, undergone 
chronic changes, as heretofore described The cells lining the tubules are 
lower than normal The nuclei take up a proportionately larger amount of 
space Many tubules are compressed or atrophied Many other tubules 
are dilated Among these dilated and compressed tubules is a considerable 
round cell infiltration The atrophy of many tubules and the dilatation of 
others make it appear as if the glomeruli were closer together than normal 
Some of the convoluted tubules present moderate acute change, the lumen 
being filled with necrotic debris 

Summary Chronic change with a minimum of acute degeneration 

DISCUSSION 

The kidneys of rabbits that died following a single injection of 
uranium presented extreme changes m the cells lining the convoluted 
tubules In some instances this consisted of swelling of the cells until 
the lumen of the tubule was obliterated The cells themselves contained 
many fine granules and the nuclei were indistinct In other instances 
cells were loosened from the tubules and the nuclei were indistinct or 
or could not be found Still further injury was found consisting of 
necrosis of a large proportion of the cells lining many of the con- 
voluted tubules In such instances the functions of the kidney were 
practically suspended with the result that there was a marked increase 
in the nonprotein nitrogen and the urea nitrogen of the blood At the 
same time, there was a marked disturbance of the acid-base balance, the 
alkali reserve and the carbon dioxid of the blood becoming gradually 
lower until death If, however, the animal does not succumb and repair 
or replacement of the damaged cells lining the convoluted tubules takes 
place, an altered cell results This cell is not so large as its predecessor 
Its nucleus is larger in proportion to the size of the cell than formerly 
and often pushes the outer edge of the cell toward the lumen of the 
tubule These changes have been described by MacNider and others 
Frequently, young animals are able to so completely repair this damage 
that the acid-base equilibrium returns to normal and the only evidence 
of kidney damage that may remain is a slightly lowered phthalem output 
or traces of albumen m tbe urine 


17 MacNider, William de B A Pathologic Study of tbe Naturally 
Acquired Oironic Nepliropathj of the Dog, J M Research 34 177, 1916 
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But, following repeated injections of uranium, there occur, in addi- 
tion to the changes in the cells lining the convoluted tubules and the 
limbs of Henle, changes in the glomeruli. Bowman’s capsule and the 
walls of the capillaries Further, a diffuse round cell infiltration takes 
place throughout the cortex and following this there is an actual 
deposition of scar tissue in these areas If the experiment is carried on 
for a sufficient length of time, a pronounced chronic nephritis which 
resembles chronic diffuse nephritis in man, results During the develop- 
ment of this nephritis and after its establishment a disturbed acid-base 
balance persists During the acute exacerbations there has been a 
heaping up of nonprotein nitrogen and urea nitrogen in the blood At 
the same time there has been a diminution in the total nitrogen, urea 
nitrogen and to a less extent of the creatmin and uric acid nitrogen in 
the urine This is followed m from four to five days by an increased 
excretion of these substances and a gradual fall of the heaped up prod- 
ucts in the blood When the chronic nephritis is established a moderate 
increase in the nonprotein nitrogen and urea nitrogen persists but, at 
the same time, there is an increase in the excretion of the various 
urinary constituents 

MacNider observed that the first change in experimental nephritis 
induced by uranium has been a disturbance of the acid-base balance 
He has also shown that there is a close relation between the acid-base 
balance and the ability of the kidney to continue its functions as 
determined by the vanous functional tests and the blood and urine 
chemistry Our work has corroborated this As stated before, we have 
found that lowered carbon dioxid and alkali reserve readings precede 
any other change Whether this disturbed balance effects the early 
histologic changes that occur in the liver and kidney cells has not been 
proved, but it seems very probable 

Whether a disturbed acid-base balance has an etiologic relationship 
to beginning interstitial nephritis in man is a pertinent question The 
mines of patients with chronic interstitial nephritis are strongly acid 
They frequently have hydrogen ion concentrations of from 5 5 to 6 
Sansum has been able to correct this by a basic diet When this is 
effected such patients whose blood pressures are increased often have a 
decided fall in both the systolic and diastolic readings Tliese lowered 
readings have been maintained for months at a time in patients whom 
we have followed Whether further degenerative changes m an inter- 
stitial nephritis can be deferred by keeping the reaction of the urine at or 

18 MacNider, William de B The Changes Induced m the Kidney When 
an Acute Injury Is Superimposed in a Chronic Glomerulonephropathy A 
Functional and Pathologic Study, Southern M T 14 357, 1921 

19 Sansum, W D The Use of Basic Diets in the Treatment of Nephritis, 
California State J M 20 1, 1922 
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about the neutral point, that is, a hydrogen ion concentration of 7 , is 
an interesting question In endeavoring to answer it one must be 
mindful of the long periods of latency that frequently occur without 
any kind of treatment 

The relation between the nonprotem nitrogen and the urea nitrogen 
of the blood is a definite one in human interstitial nephritis We have 
found this to be so in expeiimental uranium nephritis Normally the 
urea nitrogen is 50 per cent of the nonprotem nitrogen, but as the 
nonprotem nitrogen increases in amount, the urea nitrogen increases at 
a faster rate, so that when the nonprotem nitrogen reaches 100 mg 
per hundred cubic centimeters of blood, the urea nitrogen is then 
usually about 85 per cent of the nonprotem nitrogen 

The phenolsulphonephthalem readings at the beginning of our 
experiments varied from 80 to 91 per cent output in two hours The 
rabbit at the time of the injection of the phenolsulphonephthalem had 
75 c c of water by stomach tube During the latter stages of our 
experiments, the phenolsulphonephthalem readings varied from 10 to 
18 per cent For a few days following some of the larger injections the 
output was lower than this 

Christian has recorded a fall in the phenolsulphonephthalem m 
acute nephritis m patients when they start to improve clinically We did 
not make phenolsulphonephthalem determinations frequently enough to 
determine this, but in some of our animals we observed a secondary 
acidosis after an animal started to recover It is interesting to note that 
MacNider,*^ working with dogs, also discovered a secondary fall m 
phenolsulphonephthalem after the animal began to recuperate from the 
uranium intoxication 

CONCLUSIONS 

Varying stages of nephritis m rabbits have been produced by the 
injection of uranium nitrate Large single doses have produced an 
extreme degeneration of the cells lining the convoluted tubules and the 
loops of Henle Repeated doses over a long period of time have 
jiroduced a cluonic nephritis, comparable to chronic diffuse nephritis 
in man 

After repeated injection, very large doses of uranium may be given 
This dosage reached 50 mg of uranium nitrate in a 6 pound rabbit 

Initial injections of uranium resulted in a sharp rise m the nonprotem 
nitrogen and the urea nitrogen in the blood After a chronic nephritis 

20 Oinstian H A Some Phases of the Nephritis Problem, Am J M Sc 
151 625 1916 

21 Mac^«lder, William de B A Functional and Pathologic Studj of the 
Oironic Nephritis Induced in a Dog bj Uranium Nitrate, J Exper M 29 
515 1910 
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had been established, these constituents were continuously higher than 
normal, but were often little altered following the injection of from 
40 to 50 mg of uranium 

When charted on logarithmically ruled paper, the total nitrogen, 
urea nitrogen, and the unc acid nitrogen in the urine are all roughly 
proportionate in their variations among themselves and to the amount 
of unne in cubic centimeters 

The organic acids in the urine are also roughly proportionate to 
the foregoing 

The increases and decreases of the ammonia in the urine follow the 
direction of the curves of the foregoing but m an exaggerated way, 
generally dropping lower and rising higher (proportionately) than the 
others 

The curve for the urea nitrogen in the urine is somewhat flatter than 
the others, dropping and rising less, but m the same general direction 

The nonprotem nitrogen, urea nitrogen and carbon dioxid in the 
blood do not parallel any of the above curves The nonprotem nitrogen 
and the urea nitrogen follow each other closely Either would seem as 
satisfactory as the other m determining the kidney’s excretory ability 

The creatinm and uric acid nitrogen of the urine showed less devi- 
ation from the normal than any of the constituents studied 

Acetone and diacetic acid were irregularly present in the urine 
following the uranium injections 

The first change following an injection of uranium was found to be 
a disturbance of the acid-base balance At about the same time certain 
histologic changes were found m the liver and kidney 

The organic acids of the urine, while a fair index of the degree of 
acidosis, were not found as dependable as the alkali reserve and carbon 
dioxid of the blood serum 

The relative degree of acidosis as determined by the carbon dioxid 
and alkali reserve readings and by the increased output of organic acids 
and ammonia m the urine coincided pathologically with the extent of 
cell destruction m the kidney 



THE VITAL CAPACITY IN HYPERTHYROIDISM WITH 
A STUDY OF THE INFLUENCE OF POSTURE 

A PRELIMINARY REPORT ^ 

I M RABINOWITCH, MD 

MONTREAL 

The data presented here form part of the observations made on 
the vital capacity in cases of hyperthyroidism Although a number 
of such observations have been made in a wide range of similar 
cases of varying severit}^ it would be unwise at the present time to 
formulate definite conclusions of too sweeping a character Sufficient 
has, however, been done to demonstrate the clinical utility of the test, 
and to stimulate further studies 

Although this laboratory procedure is old ^ it has not received, 
relatively, the same consideration as have many other laboratory 
methods This, in great part, was due to the lack of knowledge of 
certain factors which must govern the interpretation of findings, pre- 
senting such wide, and at times irregular variations, even in the normal 
subject The very thorough work of Dreyer, Peabody and Went- 
worth, Lundsgaard and Van Slyke, and West ® m establishing “nor- 
mals” as units for comparison demonstrates that this simple laboratory 
procedure is a satisfactory means of estimating the general physical 
status of a person Whether the diminution of the vital capacity is 
due to physical factors, such as diminution of the lung volume, loss 
of elasticity of lung tissue, etc , or to chemical changes which influence 
the respiratory center, etc , is still problematic This, however, does 
not vitiate the clinical value of the test 

Observations, some of the data of which are shown, were made 
m three groups of cases (a) hyperthyroidism of the exophthalmic 
goiter type, (b) hyperthyroidism secondary to previously existing 
adenoma, and (c) hyperthyroidism following the administration of 
thyroid extract The purpose in this report is to show, graphically, 
the general relation that has been found between the degree of 
hyperthyroidism as estimated by the basal metabolic rate and the 
Mtal capacity The detailed results of these studies, in wluch an 

♦From the Department of Metabolism, Montreal General Hospital 

1 Hutchison, J On the Capacity of the Lungs and on the Respiration 
Functions, vith a View of Establishing a Precise and Easy Method of Detect- 
ing Disease by the Spirometer, Med Chir Tr Lond 29 139, 1846 

2 West H F Qinical Studies on Respiration, Arch ’ Int Med 25 306 
(March) 1920 Drejer, G The Assessment of Physical Fitness, London, 
Cassell &. Co , Lundsgaard C, and Van Sbke, D D The Relation Between 
Thorax Size and Lung Volume, J Exper Med 27 65, 1918 Peabody, F W, 
and Wentworth, J A Oinical Studies on Respiration, Arch Int Med 20 
443 (Oct) 1917 
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attempt is made to determine the factors which operate in determining 
the vital capacity and in which the clinical pictures are analyzed and 
correlated with the laboratory findings form part of a report to be 
published separately, with the accumulation of more data 

The determination of the value of any physical property is always 
subject to error, so that the results of observations made even under 
the most ideal conditions can be but approximations of the true 
values The chief sources of error are (a) errors of observations, 
(b) errors of the apparatus used, and (c) neglect of certain other 
factors which exercise an appreaable effect on the results Although 
the first two may be controlled with a reasonable degree of accuracy 
in the estimation of the vital capacity, the last is of special impor- 
tance for consideration, since at times the clinical condition demands 
that the patient be disturbed as little as possible Thus, it was not 
always practical to place the patient in the most suitable posture for 
the test Results obtained in an abnormal posture must necessarily 
lead to results varying from the “normal” even m the healthy subject 
Therefore, a series of values for the vital capacity were obtained 
m the normal posture, and in a standard recumbent posture, with the 
subject in the dorsal decubitus position, and the head and shoulders 
elevated at an angle of about 30 degrees This was done with the 
intention of deriving a constant whereby it might be possible to calcu- 
late the normal vital capacity, where it is clinically possible to deter- 
mine the latter only in the recumbent position For this purpose a 
table of values was drawn showing the vital capacity in the normal 
position, in the recumbent position, and the percentage which the 
normal is of the recumbent, that is, . x 100 The 

normal male subjects were members of the hospital staff and medical 
students The normal female subjects were undergraduate nurses 
assumed to be healthy, having had a thorough physical examination 
before admission to the training school for nurses The vital capacity 
was measured with a spirometer which gave readings within an error 
of 5 c c The procedure necessary to obtain results was first demon- 
strated to the subject, and the maximum reading of five determinations 
was accepted as the final result Since it was necessary to determine 
the body surface in the calculation of the basal metabolic rate, it seemed 
practicable to apply this unit in the calculation of the vital capacity 
The method of obtaining the body surface was that of DuBois and 
DuBois Calculated on the basis of liters of air expired per s(juare 
meter of body surface, it will be noted in column 7 that the average 
result obtained was 1 93 for females This approximates very closely 
that obtained by West “ which was 207 The standard adopted, there- 


3 DuBois, D , and DuBois, E F The Measurement 
of Man, Arch Int Med 15 868 (June) 1915 


of the Surface Area 
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fore, that of West,- was 2 0 for females and 2 5 for males On this 
basis, 88 9 per cent of the normal subjects m the normal posture showed 
a vital capacity within the limits of normal variation allowed, ± 10 per 
cent The combined results obtained by employing the above units 


Table 1 — Data of Fifty Cases Influence of Posture on Vital Capacity 


Number 

Name 

Vital 

Oapaelty 

m 

Normal 

Posture 

(a) 

Vital 

Capacity 

in 

Recumbent 

Posture 

(b) 

a 

— X 100 

b 

Body 
Surface, 
Sq M 
(c) 

a 

c 

Calcu- 

lated 

Vital 

Capacity 

1 

HV 

3,230 

3,010 

107 3 

160 

2 01 

3,235 

2 

PS 

3,220 

3,000 

107 0 

1 75 

184 

3,225 

3 

AE 

2,900 

2,890 

102 4 

1 51 

196 

3,106 

i 

ABP 

3,310 

3,210 

1031 

156 

212 

3,450 

5 

KW 

3,350 

3,230 

103 7 

178 

188 

3,472 

6 

AO 

3,450 

3,270 

105 5 

169 

204 

3,615 

7 

on 

3,100 

2,820 

109 9 

1 49 

208 

3,031 

8 

SM 

3,430 

3,180 

107 8 

159 

211 

3,418 

9 

HI 

3,170 

2,910 

108 9 

165 

192 

3,128 

10 

MI 

3,630 

3,350 

105 3 

165 

214 

3,601 

11 

AE 

2,860 

2,840 

100 3 

152 

188 

3,053 

12 

GA 

2,440 

2,440 

100 0 

185 

1 31 

2,623 

13 

GO 

3,075 

2,925 

1051 

14S 

212 

3,144 

14 

NEP 

3,190 

2,990 

106 6 

166 

1 92 

3,214 

15 

LJG 

3 090 

2,990 

103 3 

182 

169 

3,214 

16 

00 

3,300 

2,900 

113 7 

162 

203 

3,117 

17 

TEO 

3,200 

2,930 

109 2 

1 86 

1 72 

3,149 

18 

DPA 

2,790 

2,690 

103 7 

160 

186 

2,891 

10 

AMP 

3,415 

3,415 

100 0 

176 

1 93 

3,671 

20 

ABW 

2,875 

2,525 

113 8 

166 

183 

2,714 

21 

LJS 

3 (NO 

3,040 

100 0 

1 46 1 

208 

3,268 

22 

OE 

3,400 

3,100 

109 6 

177 

192 

3,332 

23 

OM 

3,760 

3,685 

102 0 

192 

195 

3,961 

24 

MHH 

3660 

3,460 

105 8 

168 

217 

3,710 

25 

MON 

3,065 

2,565 

119 4 

16S 

193 

2,767 

26 

IMO 

3,820 

3,620 

105 5 

186 

205 

3,811 

27 

ANH 

2,350 

1,850 

127 0 

1 65 

151 

1,988 

28 

GS 

3,180 

2 880 

110 4 

1 69 

1 88 

3,096 

20 

GMD 

3 420 1 

2 920 

1171 

1 78 

192 

3,139 

30 

EMH 

3,3^ 

2,990 

112 5 

170 

1 98 

3,214 

31 

FOS 

3,765 

3,740 

100 6 

1 44 

1 91 

4,020 


WAS 

3,190 

2,240 

116 4 

1 58 

201 

2,455 

33 

R 

4,875 

4,775 

102 0 

1 SO 

211 

6,133 

34 

ZAS 

3,010 

2 760 

109 0 

1 55 

1 94 

2,867 

35 

MEE 

3 400 

3000 

113 3 

172 

1 98 

3,225 

30 

IGJ 

3,195 

3195 

107 5 

163 

195 

3,434 

37 

IS 

2,485 

2,385 

1041 

1 48 

169 

2,563 

38 

OD 

3,220 

2,970 

108 2 

1 62 

211 

3,692 

30 

McG 

4,245 

3 995 

106 2 

1 74 

2 43 

4,294 

40 

ED 

3,290 

2890 

113 8 

1 75 

188 

3,106 

41 

EJ 

2,870 

2 270 

126 4 

156 

1 84 

2,440 

42 

EVB 

2 615 

2 015 

100 0 

1 52 

1 74 

2,843 

43 

MOJ 

3.1K 

3105 

101 5 

161 

195 

3;337 

44 

NCM 

3,050 

2 950 

103 3 

148 

206 

3,171 

4o 

SAB 

3,090 

3,090 

100 0 

168 

1 83 

3,321 

40 

AEF 

2,625 

2,110 

126 8 

153 

176 

2,268 

47 

SB 

3,530 

3,460 

102 0 

184 

1 92 

3,742 

4S 

GP 

3 6S0 

3,660 

100 0 

1 72 

2 14 

3,934 

4'> 

LS 

3,270 

3,060 

106 9 

165 

1 98 

3,289 

yy 

\PM 

2,750 

2,720 

101 2 

1 48 

1S5 

2,924 


were (a) Within normal limits, 889 per cent , (&) between 80 and 
90 per cent of normal 4 4 per cent , (c) betw^een 80 and 85 per cent 
of normal 2 2 per cent , (d) between 75 and 80 per cent of normal 
2 2 per cent , (c) between 120 and 125 per cent of normal 2 2 per cent 
Column 4 shows the results of fifty analyses made m the recumbent 
position ith the exception of five subjects in tins group in whom 
no difference was noted, the effect of the recumbent position was to 
dimmish the air expired from 20 to 600 c c Although m many cases 
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the difterence is not of sufficient magnitude to affect the results from 
a clinical point of view, it seemed that a greater value could be attached 
to them, if it were possible to adopt a constant correction, whereby 
the actual and calculated values would vary within nariower limits 

The arithmetical mean of all values for the factor 
X 100 was 107 5 , that is the vital capacity obtained in the normal 
posture was 7 5 per cent greater than that obtained in the recumbent 
posture Mathematicians have for years known, and Krogh^ has 
recently pointed out that the average of a series of measurements (i e 
the arithmetical mean) is not the most probable true value The most 
probable tiue value is arrived at by the application of the statistical 
theory of errors In this calculation the minimum regarded as suffi- 
cient is the determination of the mean error or standard deviation of 
a single determination, and the mean error of the average In tliese 
studies this has been considered When one appreciates the numerous 
possible factors which might influence the results in the estimation of 
the vital capacity, however true this may be with regard to the purely 
arithmetical value of the result, such refined calculation, involving the 
statistical theory of errors, would probably give an impression that was 
not intended, that is, the extreme accuracy with which this physical 
measurement can be made Since every physical measurement of any 
description involves some error or can be earned out with only a 
certain degree of accuracy, it is evident that the number expressing the 
value of a property depending on a measurement can only be approxi- 
mate However finely we may calculate the vital capacity, our results 
cannot increase the accuracy of the value beyond the limits of experi- 
mental error Therefore, from the observations made, the correction 
constant accepted was 1 075 , that is, the product obtained by multiply- 
ing the observed volume of gas expired in the recumbent position by 
1 075 was accepted as the volume that would be obtained if the subject 
were in the nonnal posture 

It will be noted from the values in column 8 that by applying this 
correction and thus increasing the observed vital capacity obtained in 
the recumbent position, the actual (column 3) and calculated (column 
8) corresponds remarkably well 

On this basis, 86 4 per cent of the same nonnal subjects whose vital 
capacity was taken in the recumbent posture showed vanations within 
the normal limits only, allowing ± 10 per cent vanation This com- 
pares favorably with that obtained m the normal posture— 88 9 per cent 

In the graphic chart is shown the general relation between the 
decrease in the vital capacity and the severity* of the hyperthyroidism 
as estimated by the basal metabolic rate The latter varied from -|- 100 

4 Krogh, A The Respiratory Exchange of Animals and Man Mono- 
graphs on Biochemistry, London, Longmans, Gieen S. Co 
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per cent to + 16 per cent and the vital capacity varied from 30 to 101 
per cent of normal It will be noted that in only three cases was 
the vital capacity above the normal, and five values were within the 
normal limits of variation, ±10 per cent 

A noteworthy observation was that all patients having a vital capacity 
of 40 per cent or under of normal were bedridden, which agiees with 
the observations of Peabody on cases of heart failure Table 2 shows 
the average vital capacity found in relation to the metabolic rate 

An additional interest is attached to these observations, since we 
have here a possible explanation of the dyspnea observed in cases of 
severe hyperthyroidism, excluding that due to chemical stimulation of 
the respiratory center or cardiac embarrassment Peabody ^ first demon- 
strated that an important factor in producing dyspnea ma} be the 
inability to breathe deeply He studied mathematically the problem of 
the maximum minute volume of pulmonary ventilation and found that 


Table 2 — Avoagc Vital Capastty m Relation to Metabolic Rate 


Metabolic Rate, 

Percentage Above Normal 

i Vital Capacity, 

Percentage of Normal 

Befaeen lOOt-SO 

43 

90-S0 

46 

80-70 

DO 

70-60 

57 

60-50 

63 

50-40 

65 

40-30 

71 

30-20 

70 

20 

70 


the latter was partly a function of the vital capacity This appears to 
have an application to hyperthyroidism Associated with an increase 
in the basal metabolic rate, the oxygen consumption and the carbon 
dioxid production increases To acquire the former and excrete the 
latter an increase in the pulmonary ventilation, including the respira- 
tion rate and ventilation rate, is required A lower vital capacity may 
thus be an important factor in the production of dyspnea in severe 
cases of hyperthyroidism This problem is being investigated 


5 Peabody, F W A Mechanical Factor m the Production of Dyspnea 
m Patients with Cardiac Disease, Arch Int Med 20 443 (Sept 1917 
Sturgis, C C , Peabody, F W , Hall, F C, and Fremont-Smith, F Jr The 
plation of Dyspnea to the Maximum Minute Volume of Pulmonarv Ventila- 
te a’ Med 29 236-244 (Feb) 1922. Peabody, F W, Wentworth 

J A, and Barker, B I The Basal Metabolism and the Minute Volume of the 
^Sepr)^19”7°^ Patients with Cardiac Disease. Arch Int Med 15 468-478 





STUDIES ON THE POTASSIUM CONTENT 
OF HUMAN SERUM * 

LAWSON WILKINS, MD and BENJAMIN KRAMER, MD 

BALTIMORE 

OBSERVATIONS OF OTHER WORKERS 

The normal potassium content of the human blood serum has 
been determined by different workers with various results, as shown 
in Table 1 The older writers, Schmidt and Wanach, worked with 
inferior chemical methods The more recent workers have all obtained 
fairly uniform results with the exception of Richter-Quittner whose 
figures are considerably higher than those reported by others Richter- 
Quittner found the concentration of potassium m ashed serum to be con- 
siderably higher than that found m the ultrafiltrate from the same 
serum He argued from this that a portion of the potassium was 
bound to serum protein Kramer and Tisdall, however, have found 

Table 1 — Potassium Content of Human Serum Found by Vanous Observers 

Mg per 100 Cc 

Schmidt, C ,1 1850 S1-S3 

Wanach R ,= 1888 15-21 

Richter Quittner, == 1921 50-80 

20-60 

Mncnllum A B ^ 1917 19-21 

Mejers, V O, and Short, J J 1921 14-18 

Kr.imer, B , and Tisdall, F ,“ 1921 18-21 


m ashed serum 

by the ultrafiltrate method 

m blood plasma 


no discrepancy between the results obtained on ashed serum and those 
by direct precipitation from the same serum ^ They have emphasized 
the remarkable constancy of the concentration of potassium in normal 
human serum 

A number of investigators have studied the potassium of the serum 
m pathologic conditions Schmidt obtained values of from 43 to 72 
mg per hundred cubic centimeters of the serum of patients suffering 
from cholera and 63 mg in a patient ivith “anasarca wnthout albumin- 

*Froni the Department of Pediatrics, Johns Hopkins University 

1 Schmidt C Charactenstik der Epidemischen Cholera, Leipzicr und 
Mitau 1850, pp 29 and 30 

2 ^^^nach R Tnhresb d Thier Chemie 18 88, 1888 

3 Richter-Quittner Biochem Ztschr 24 110, 1921 

4 Macallum, A B Tr College of Physicians, Philadelphia 39 286, 1917 

5 Mejers, V C, and Short T J J Biol Chem 48 83, 1921 

6 Kramer B and Tisdall, F F J Bio’ Chem 46 339, 1921 

7 This finding does not contradict the possible existence of compounds of 
protein with potassium in serum 
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una Clausen ® found from 53 to 90 mg potassium m the plasma of 
patients with various diseases Kramer and Tisdall reported m twelve 
children suffering from various febrile diseases values for the potassium 
of serum ranging from 35 to 70 mg per hundred cubic centimeters 
They were aware, however, that the potassium concentration increases 
when the serum is allowed to remain in contact with the clot and, 
therefore, suggested that the observed increase of the potassium of 
the serum of pathologic cases required further investigation Meyers 
and Short, on the other hand, could find no increase in the potassium 
111 any of the diseases which they studied In ten patients suffering 
from a variety of pathologic conditions such as polycystic kidneys, 
cardiac decompensation and anasarca, essential hypertension, eclampsia, 
carcinoma, pneumonia, diabetic coma and syphilis, their values ranged 
from 15 to 20 mg in all except three instances These three serums, 
which gave values of 24, 28 and 35 mg , respectively, had been allowed 
to stand a considerable length of time before separation from the 


Table 2 — Potassium Content of Set urn at Varying Peiiods 


Tunc Bclore StpaTating Seniin 

Potassium, Mg per 100 C c 

0 

22 5 

1 hour 

23C 

2 hours 

280 

hours 

201 

9 hours 

20") 

24 hours 

301 

48 hours 

419 

72 hours 

59 1 slight hemolysis present 

90 hours 

01 9 slight hemolysis present 


clot The same authors found m seven cases of advanced nephritis, 
showing marked nitrogen retention, from 10 to 20 mg of potassium 
per hundred cubic centimeters of serum 

SOURCES or ERROR IN THE ESTIMATION OF POTASSIUM 

In this study we have used the method described "by Kramer and 
Tisdall Because of the higher results obtained by Kramer and Tisdall 
with the serum of febrile patients, it was decided to investigate further 
the factors which might lead to errors in the estimation of potassium in 
the serum Since the red blood cells contain an enoimous store of 
potassium (from 410 to 440 mg per hundred cubic centimeters) it is 
evident that any hemolysis will liberate potassium into the serum 
It was found that, when even the slightest trace of hemolysis could be 
noted, the potassium content of the serum was greatly increased — 
frequently to 30 and 60 mg per hundred cubic centimeters Likewise, 
when the serum stands in contact with the clot for a considerable length 
of time, potassium diffuses out from the corpuscles The rate of 
this diffusion is shown in the following experiment Blood was drawn 


8 Clausen, S W J Biol Chem 36 479, 1918 





918 


ARCHIVES OF INTERNAL MEDICINE 


from a subject into a number of tubes, which were allowed to stand at 
room temperature for varying lengths of time before centrifuging and 
separating the serum from the clot At varying intervals the serum 
was separated and samples analyzed for potassium The results are 
given in Table 2 The concentration of potassium in the serum remains 
approximately unchanged for two hours, then mounts quite rapidly 
so that within twenty-four hours there is a marked increase, even 
though there is no hemolysis 

In one case of epidemic encephalitis, blood was taken by cardiac 
puncture fifteen minutes after death and the serum was separated 
immediately The potassium was found to be increased to 45 mg 
Meyeis and Short have noted a similar increase after death in both 
blood serum and spinal fluid Evidently some change occurs at death 
which allows a rapid diffusion of potassium from the cells 

After serum has once been separated from the corpuscles it can 
be kept for a considerable length of time without affecting the esti- 


Table 3 — Potassium Values m Various Pathologic Conditions 


Scrum No 

Diagnosis 

Potassium, Mg per 100 0 c 

1 

Puerperal sepsis 

19 2 

2 

Pyelitis 

18 0 

3 

Pneumonia 

17 7 

i 

Tonsillitis and cervical adenitis 

230 

5 

Pneumonia 

20 9 

6 

Scarlet fever 

20 3 

7 

Subacute endocarditis 

20 9 

8 

Pneumonia 

181 

9 

Diabetes, mellitus 

20 2 

10 

Diabetes mellitus 

19 9 

11 

Pemielous anemia 

220 

12 

Pernicious anemia 

21 7 


mation of potassium Even after standing for a month such serum 
gave reliable values for potassium by the method used in this 
investigation 

We have found, then, that the method of Kramer and Tisdall is 
reliable within an error of ± 5 per cent , as stated by the authors 
To obtain, however, the true concentration of potassium as it exists 
m \ ivo precautions must be taken ( 1 ) to remove all the red blood cells 
by centrifuging the serum, (2) to prevent hemolysis, (3) to separate 
the serum from the clot within half an hour after the blood is drawn 
Obser\ing these precautions we have invariably found the potassium 
content of normal serums to be from 18 to 22 mg per hundred cubic 
centimeters 

roT\ssiuM or the serum in various pathologic conditions 

Table 3 show s the \ allies for potassium which we found in twelve 
persons suffering from \arious pathologic conditions In all of these 
a normal content of potassium A\as found In the two cases of per^ 
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nicious anemia studied, there was evidence of marked hemolysis 
occurring within the body, as shown by the increase of bile pigments 
in the serum and of the urobilin in the urine. In spite of the fact 
that this destruction of red blood cells must liberate potassium, the 
concentration of this element in the serum was apparently maintained 
at the normal level 

POTASSIUM or THE SERUM IN NEPHRITIS 

The possibility of potassium retention m nephritis has aroused con- 
siderable interest Smilhe ® reported that one nephritic patient to whom 

Table 4 — Potassium of the Serum vi Nephtitts 


Sermn 

Nonpro- Serum Serum 






Phthal 

teln 

Pro 

Potas- 

Condi- 


Patient 



cm, Nitrogen, 

tein. 

sium, 

tion 01 

Serum and 




per 

Mg per 

per 

3Ig per 

Dis 

No 

Age 

Diagnosis 

Date 

Edema 

Cent 

100 Cc 

Cent 

lOOOc 

charge 

13 

0 S 

Nephrosis 

1/20/22 

Very marked 



64 

20 9 

Unim 


Sirs 


3/10/22 

generalized 

70 


62 

203 

proved 

14 

E SIcO 

. Nephrosis 

3/10/22 

Very marked 



06 

215 

Unim- 


2yrs 


generalized 





proved 

15 

M G 

Acute glomcrulo- 

1/20/22 

None 



80 

22 0 

Well 


9yrs 

neplirltis 







16 

W S 

Acute glomerulo 

6/28/21 

Slight, face 

45 

25 


235 

Well 


7 yrs 

nephntis 

and ankles 






IT 

A F 
20 yrs 

Acute nephritis, 
bichlorld pels 

11/ 8/21 

Slight, face 


100 


251 

Died 


onlng 








18 

R P 

Subacute 

1/25/22 

None 

75 

31 

90 

22 4 

Worse 


21 yrs 

nephritis 

2/ 0/22 


48 

43 

90 

258 


19 

31 P 

Chronic nephritis 

11/25/22 

Slight, face 

39 

34 

82 

19 2 

Improved 


16 yrs 

(acute exacer- 

2/ C/23 


50 


74 

18 7 



bation) 







20 

G T 

Chronic nephritis, 

2/ 0/22 

Slight, ankles 

SO 

43 

05 

263 

Unim- 


45 yrs 

hypertension 





proved 

21 

j r» 

Chronic nepliritis, 

1/25/22 

None 

47 

27 

84 

213 

Improved 


47 yrs 

hypertension, 

myocardial 

insufficiency 








22 

P McE 

Chronic nephritis. 

2/ 6/22 

Slarked, legs 

10 

125 

75 

200 

Died 


36 yrs 

hypertension. 






arteriosclerosis, 

myocardial 

Insufficiency 


10 gm potassium chlorid was administered showed marked toxic symp- 
toms which he attributed to the potassium Rabbits with uranium 
nephritis died with great suddenness following the ingestion of 1 gm 
potassium chlorid, while normal rabbits took from 3 to 4 gm without 
ill effect He believed that this was due to the failure of the damaged 
kidneys to excrete potassium properly Smilhe did not determine the 
potassium content of the blood His experiments, however, suggested 
that there might be an increase of the potassium in the blood of 
nephritics sufficient to account for some of the toxic symptoms Meyers 
and Short found no increase in either the serum or whole blood of 

9 Smilhe, W G Arch Int Med 16 330 (Sept) 1915 
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seven patients with advanced nephritis showing marked nitrogen 
retention Loeb, Atchley and Palmer,^® likewise, have found no increase 
in the serum potassium in nephritis with extensive ascites 

In Table 4 we have recorded our findings in a number of different 
types of nephritis and nephrosis In most instances the potassium 
was found to be within the normal limits (from 18 to 22 mg ), but in 
four serums (Nos 17, 18, 20 and 22) there was a slight increase to 
25 and 26 mg The two children with nephrosis (Nos 13 and 14) 
both had a very marked generalized edema and asates but showed no 
increase of potassium in the serum Several of the patients with 
nephritis had slight edema, but we have had no opportunity to study 
any cases of so-called chronic parenchymatous nephritis with exten- 
sive anasarca Accordingly we cannot state whether this type of the 
disease might be associated with a more marked increase of potassium 
in the serum than we have found in any of our cases The four serums 
in which we did find a slightly increased amount of potassium were 
from patients with a definite nitrogenous retention and a diminished 
phenolsulphonephthalem excretion Two of these patients (Nos 17 
and 22) died of uremia One patient (No 18) on January 25 had a 
phenolsulphonephthalem excretion of 75 per cent m two hours and a 
nonprotein nitrogen of 31 rag per hundred cubic centimeters of blood 
At this time the serum potassium was 22 4 mg The patient became 
clinically worse and on February 6 the phenolsulphonephthalem excre- 
tion had decreased to 45 per cent and the blood nitrogen had increased 
to 43 mg Coincident with these changes, the potassium of the serum 
had risen to 25 8 mg 

Although these studies have shown that there may be this slight 
increase of the potassium of the serum m nephritis, we feel that the 
increase is so small that we are not justified, at the present time, in 
attributing toxic symptoms to it We have, on the contrary, been able to 
show that by the ingestion of potassium chlorid the potassium of the 
serum may be raised for a short period of time as high as 35 mg per 
hundred cubic centimeters without producing any marked toxic symp- 
toms Of course, the retention of potassium in the tissues is not ruled 
out b} our findings on the serum and still must be considered as a pos- 
sible toxic factor in nephritis 

POT\SSIUM or THE SERUM IN TETANY 

The onl} other disease in which we have found the potassium content 
of the serum increased is tetany In four out of five cases studied, the 
potassium uas moderately increased (from 23 to 29 mg) These 
findings are the same as those of Kramer, Tisdall and Howland “ As 

10 Loeb, Atchle% and Palmer J Gen Physiol 4 591, 1922 

11 Kramer, Tisdall and Howland Am J Dis Child 22 431 (Nov) 1921 
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shown by a comparison of the figures for potassium and calcium given 
m Table 5 no definite relationship between the increase of potassium 
and the decrease of calcium could be made out 

EFFECTS OF THE INGESTION OF POTASSIUM SALTS 

We have attempted to determine to what extent the potassium of 
the serum may be increased by the ingestion of potassium salts Two 
patients who had been receiving 1 3 gni potassium lodid three times a 
day for a long period of time were found to have 204 and 21 9 mg 
potassium, respectively, in 100 c c of serum E D Osborne has 
studied the effects on the blood serum of the administration of 
potassium and sodium lodids He gave 1 gm , 5 gm and 20 gm of 
potassium lodid by mouth and noted that “this did not produce a 
corresponding rise in the potassium content of the blood serum, but, 


T/Vble 5 — Potassium and Calcium Values in Tetany 


Serum No 

Age 

Potassium, 

Mg per 100 0 c 

Calcium, 

Mg per 100 C c 

23 

7 months 

200 

57 

24 

3 ^enrs 

18 0 

4 6 

25 

0 months 

270 

7 2 

26 

5 months 

237 

51 

27 

7 months 

231 

60 


Table 6 — Results of Ingestion of Potassium CMoiid 


Potassium of the Senim, Mg per 100 O c 

A _ 


Amount TnLcn 

Before 

1 Hour After 

2 Hours After 

3’^ Hours 

2gm 

20 6 

204 

254 


10 gm 

20 6 

24 6 

20 8 

22 9 

15 gm 

20 8 


35 3 



on the contrary, a definite rise in the sodium content almost equal 
to that following (the administration of equivalent quantities of) sodium 
lodid Following the 20 gm dose only a slight rise m the potassium 
content was noted ” On the other hand, he found a marked rise of 
the lodin of the blood serum proteins after the administration of potas- 
sium lodid and only traces after the ingestion of sodium lodid 

We have made observations after the administration of the chlorid 
instead of the lodid of potassium Unlike the lodid, the chlorid of 
potassium when taken by mouth causes a very marked increase of the 
potassium of the serum The results of this experiment are shown in 
Table 6 

One of us (W) ingested 2 gm , 10 gm and 15 gm potassium 
chlorid in 300 c c of water on three different occasions The potassium 
of the serum was found to be raised to 25 4, 29 8 and 35 3 mg per 


12 Osborne, ED J A M A 79 615 (Aug 19) 1922 
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hundred cubic centimeters after these respective amounts The maxi- 
mum increase occurred m about two hours , after which there was a 
rapid return to normal The normal level was reached m about three 
and one half hours No subjective symptoms were experienced beyond 
some nausea and sweating after the largest dose Electrocardiograms 
were made during the experiment by other members of the staff 
Certain changes m the curves believed to be characteristic were found 
and are being studied further 


SUMMARY 

1 To obtain a correct estimation of the concentration of the potas- 
sium of serum as it exists in the body, precautions must be taken to 
prevent hemolysis and to separate the serum promptly from the 
corpuscles 

2 The potassium of normal human serum is fairly constant, varying 
only from 18 to 22 mg per hundred cubic centimeters 

3 The potassium content was within these limits m all pathologic 
conditions studied except nephritis and tetany 

4 In some cases of nephritis the potassium was increased to 25 
and 26 mg per hundred cubic centimeters 

5 In tetany there is usually a slight increase of the potassium to 
from 23 to 29 mg There is no defiipte relationship between this and 
the decrease in the calcium 

6 Patients receiving potassium lodid 1 3 gm , three times a day, 
showed no increase m the potassium content of their serum 

7 The ingestion of 2, 10 and 15 gm potassium chlorid raised the 
potassium of the serum to 25, 30 and 35 mg per hundred cubic centi- 
meters, respectively No subjective effects were felt but changes m the 
electrocardiogram were observed 



SOME UNUSUAL DISTURBANCES OF THE MECHA- 
NISM OF THE HEART BEAT + 

FRANK N WILSON, M D , and GEORGE R HERRMANN, M D 

ANN ARBOR, MICH 

I 

AN ECTOPIC TACH\ CARDIA OF FIFTEEN MONTHS DURATION 

Attacks of simple paroxysmal tachycardia usually last but a few 
hours or at most a few days Lewis ^ states that attacks which last a 
fortnight are rare and that longer attacks are unknown D C Wilson “ 
has recently reported an instance in which an attack of ten days’ dura- 
tion was followed by the development of gangrene of the forearm This 
is the longest attack described in the recent literature We were 
surprised, therefore, to encounter a patient with a tachycardia of this 
type that had persisted for approximately fifteen months 

Case 1 — History — Mr E K, and American student, aged 22, first seen by us 
in July, 1920 He complained of palpitation associated with rapid heart action 
There was a history of whooping cough and measles in childhood, but none of 
rheumatic fever, chorea, scarlet fever or diphtheria The patient had a severe 
atttack of tonsillitis in 1918 and another in 1919 The tonsils were removed in 
December of the latter year In February, 1919, he burned his hand , the wound 
became infected, and there was a local cellulitis for two or three weeks, followed 
by lymphangitis, which spread up the arm and involved the axillary glands The 
infected glands were incised and drained, hot boric packs were applied, and 
the wound was irrigated with surgical solution of chlorinated soda (Dakin’s 
solution) Gradual recovery followed About April 10, 1919, two root abscesses 
were discovered, and the teeth concerned Avere removed under nitrous oxid 
anesthesia After the first return of consciousness, “things turned black,” and 
he relapsed for a short time into an unconscious state During the following 
night, he was aivakened by the rapid beating of his heart, amounting to dis- 
tressing palpitation He was kept in bed for three months, but rest had -no 
effect on the heart rate 

When the patient first came to us, the tachycardia had been present con- 
tinuously since its onset about fifteen months before He was conscious of 
his heart beat at all times and was a little short of breath, but his symptoms 
were not sufficiently severe to interfere with his usual activities He was 
attending the summer school at Washington University He had found that if 
he took small doses of digitalis (15 drops of the tincture three times a day) 
and “behaved himself,” the heart rhythm was regular, when he kept late hours, 
took excessive exercise or left off the digitalis for ten days or two weeks, the 
rhythm became irregular He had also discovered that by holding the breath 
and straining (Valsalva experiment) he could suspend the tachycardia for a 
few seconds 


Department of Internal Medicine, Washington University 
Medical School, and the Department of Internal Medicine, Universitv of 
Michigan Medical School 

1914^ Clinical Disorders of the Heart Beat, Ed 2, London, 

2 Wilson, D C Heart 8 303 (Aug) 1921 
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EraminaUon — The apex beat was visible and palpable in the fifth interspace 
just outside the nipple line, the impulse was diffuse and poorly sustained 
The heart rate was 164 per minute There was a slight systolic thrill and a 
soft blowing systolic murmur at the mitral area There was conspicuous 
pulsation in the veins of the neck and also m the left mfraclavicular region 
The cardiac dulness extended 3 cm to the right and 10 5 cm to the left of 
the midline in the fifth interspace A teleoroentgenogram was made, the 
right border of the cardiac silhouette was 4 cm and the left border 8 cm from 
the midline The patient was then asked to stop the tachycardia by the 
method described, and a second plate was made The heart shadow was about 
1 cm larger in all dimensions than on the first plate This is the usual effect 
of the Valsalva experiment The patient’s exercise tolerance was excellent, and 
the remainder of the examination was negative 

Electrocardiograms showing the cardiac mechanism and the effect of hold- 
ing the breath and straining at the time of the patient’s first visit are shown 
in Figure 1 These records show that the disturbance of the heart beat respon- 
sible for the tachycardia was identical with that which gives rise to simple 
paroxysmal tachycardia Holding the breath and straining brought about a 
sudden cessation of the rapid beating, but after from one to five seconds, it 
invariably returned as suddenly as it had stopped Vagal pressure was 
without effect 



Fig 1 (Case 1) — Periods of bradycardia produced by holding the breath 
and straining The decrease in heart rate preceding the cessation of the 
tachycardia may be noted One time division equals 02 second 

When first examined, the patient was taking small doses of digitalis accord- 
ing to his usual custom He was asked to discontinue it for two weeks in 
order to determine the nature of the irregularity that, so he stated, appeared 
when the drug was not taken He complied with our request, but the irregu- 
lantj failed to appear The patient was then given digitalis m large doses, 
in the hope that it might produce partial heart block and thus reduce the 
^cntrlcular rate After taking 23 cc of the tincture in a period of seven days, 
he returned with a complaint that, w'henever he rested, and particularly at 
night, the heart rhythm became irregular Periods of bradycardia similar 
to those w’hich he w'as able to produce by holding the breath and straining 
occurred spontaneouslj w ith great frequency They were accompanied by 
weakness and dizziness, and fear of death The drug also produced anorexia 
and nausea He refused to take more digitalis When he first arrived at 
the laboraton, the heart rlnthm was regular, but after he had rested for an 
hour or more, the periods of spontaneous bradycardia suddenly returned The 
records obtained arc shown in Figure 2 Ho further observations were made 

Coiniiicftt So much for the essential features of the case, an unusual 
instance of lerj prolonged tachjcardia of the simple paroxjsmal tjpe, with 
imiiUeiiance of surprisingh good cardiac function 
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There are a few features of the electrocardiographic records which require 
brief comment The ventricular complexes of the rapid rhythm are strikingly 
abnormal in form They are diphasic, but of small amplitude, the Q-R-S 
interval is increased (01 second), and the Q-R-S group is curiously notched 
That these complexes are of supraventricular origin is evident at once from 
Figure 2, in which complexes of the same form follow P deflections of nor- 
mal outline Their abnormal form must, therefore, be attributed to defective 

intraventricular conduction , , , t 

No auricular complexes can be identified during the rapid rhythm in 
Leads II and III, the T deflection is curiously notched, and this notching may 
be due to the occurrence of an abnormal P deflection at this point This view 
IS supported by the absence of the notch from all complexes that follow normal 
P deflections except those that immediately precede the return of the tachy- 
cardia This interpretation would, however, require the unwarranted assump- 
tion that the notch which deforms the final complex of each period of 
tachycardia represents a blocked auricular systole A similar assumption 
would be necessary to explain the notching of certain idioventricular com- 
plexes that occur during the periods of bradycaidia Furthermore, we should 
be required to believe that the P-R interval of the fiist C 3 'cle of the returning 
tachycardia is much longer than the subsequent P-R intervals In the face 



Fig 2 (Case 1) — Periods of bradycardia which occurred spontaneously 
after digitalization 

of these difficulties, the auricular complexes cannot be located, and it is 
uncertain whether the tachycardia was of auricular or of atrioventricular origin 

In spite of the negative results of vagal pressure, the cessation of the 
tachycardia each time that the patient held the breath and strained must be 
attributed to vagus stimulation, and the spontaneous stops after digitalization 
undoubtedly had a similar origin This effect of vagal stimulation is well 
known 

Many authorities advise against the administration of digitalis in cases of 
paroxysmal tachycardia So far, we have not seen, in this disorder, high- 
grade heart block with consequent great reduction of the ventricular rate pro- 
duced by It, but in several instances it has seemed that when digitalis was 
given the attacks were more easily controlled We have also observed that 
drugs which produce a decrease in vagal tone, quinidin for instance, sometimes 
have the opposite effect 

The cessation of the tachycardia was invariably preceded by a conspicuous 
slowing of the ventricular rate In this respect, the tachycardia differs from 
simple paroxysmal tachycardia, in which the end of the attack is not ordi- 
narily preceded by slowing of the rate, whether the attack ends spontaneously 
or m response to vagal stimulation 
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The cause of the bradycardia following the cessation of the rapid rhythm 
IS not clear It may have been the result of a continuation of the increased 
vagal tone, to which we have attributed the termination of the tachycardia, 
or it may be analogous to the bradycardia which follows the sudden pro- 
duction of A-V block The idioventricular center, when suddenly called on 
to act as pacemaker, develops its rhythm slowly, and occasionally the sinus 
node, after it has been thrown out of action for a long period, seems to 
exhibit the same phenomenon (Lewis’) 

The records show that, although the periods of bradycardia that were pro- 
duced by respiratory experiments and those that occurred spontaneously after 
digitalization are similar, there is a distinct difference between them The 
ventricular complexes which occur during the latter (Fig 2) are all of the 
same form as the complexes of the paroxysmal series, but the complexes 
which occur during the former are very variable in form, and many of them 
are of obscure origin (Fig 1) After digitalization, respiratory experiments 
produced a still greater variety of abnormal complexes Occasionally, short 
stops were followed by resumption of the tachycardia without the occurrence 
of intervening nonparoxysmal beats (Fig 1) 

II 

TOXIC DEPRESSION OF THE CONDUCTIVITY OF THE PURKINJE SYSTEM 

Case 2 — History — Miss E M B, aged 22, admitted to Barnes Hospital, Feb 
26, 1920, complaining of persistent hiccup, vomiting and weakness, had left well 
until January 24, when she was seized with a severe headache and persistent 
anorexia Two days later, she began to have pain in the upper abdomen On the 
third day, she was nauseated, she vomited, and complained of pains in the ankles 
and feet Her condition rapidly grew worse One week before admission, her 
feet and legs began to swell Three days later, she developed a persistent 
hiccup, and began to bleed from the nose and mouth, and to pass very small 
amounts of urine She had had pain over the lower sternum and had been 
short of breath for some time, but lately these symptoms had become 
much worse 

Eramination — The patient lay slightly propped up in bed, hiccuping, and 
groaning with pain in the abdomen and chest She was slightly apathetic, and 
the mucous membrane of the mouth and tongue was so dry as to interfere 
w'lth speech There was dried blood about the nose and mouth and fresh 
blood in the nasal and oral secretions The skin and mucous membranes 
were very pale The respiratory^ movements were very deep, and the respira- 
tion rate was 16 per minute Many rales were heard over the lungs, especially 
at the bases, and the breath sounds were harsh The area of cardiac dulness 
was slightly enlarged The maximum impulse was felt in the third interspace, 
5 cm to the left of the midline Less marked pulsation was felt in the fourth 
and fifth interspaces On auscultation, a to-and-fro pericardial friction was 
heard over the central precordium and in the pulmonic area The heart rate 
was 100 per minute, the rhythm was regular The systolic blood pressure 
was 145, the diastolic, 95 There was ascites, with conspicuous edema of 
the ankles 

The blood examination revealed a high grade secondary anemia (1,900,000 
red blood cells per cubic millimeter and 50 per cent hemoglobin) and a 
polymorphonuclear leukocvtosis (32,000 white cells per cubic millimeter) The 
urine contained a large amount of albumin, and the tests for acetone and 
diacetic acid were both positive In the sediment, many red blood cells, white 
blood cells, and granular, cellular, and hyaline casts were found The blood 
contained 407 mg of nonprotein nitrogen per hundred cubic centimeters The 


2 Lew IS, Thomas The Mechanism and Graphic Registration of the 
Heart Beat, New York, Paul E Hoeber, 1920 
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diagnosis was chronic nephritis, with secondary anemia, uremia and pericarditis 
biightique There was probably a profound acidosis also, though no tests to 
determine the degree of acidosis were made 

The electrocardiogram taken on the day of admission to the hospital is 
shown in Figure 3 It is of the type commonly considered indicative of pre- 
ponderant hypertrophy of the left ventricle The Q-R-S interval is slightly 
increased, measuring approximately 0 12 second The P-R interval measures 
about 020 second, the R-T interval about 0 36 second T2 and T3 are unusu- 
ally tall and pointed 

The electrocardiogram taken on the following day about three quarters of 
an hour before death is shown in Figure 4 So far as the direction and the 
amplitude of the individual deflections are concerned, it is very much like 
the first curve The electrocardiographic intervals, however, are very dif- 




Figure 3 

Fig 3 (Case 2) — Electrocardiogram taken on the day of admission to the 
hospital 


Fig 4 (Case 2) — Electrocardiogram taken on the following day, one-half 
hour before death 


ferent The P-R interval cannot be determined because P is buried in the 
ventricular complex, but it is obviously greater than in Figure 3, the Q-R-S 
interval measures approximately 0 20 second and the R-T interval, about 0 56 
second 

Comment — How shall these curves be interpreted? It is possible that the 
first electrocardiogram represents incomplete right bundle branch block, and 
that when the second curves were made, the block had become complete 
This interpretation does not explain the change in the P-R interval Another 
explanation may be suggested It seems possible that the profound toxemia 
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from which the patient died may have led to a progressive, general depression 
of the conductivity of the specialized cardiac tissues At the time the second 
electrocardiogram was taken, several ventricular extrasystoles were recorded 
(Figure 5) It will be noted that they show the same broadening that is so 
striking in the complexes of supraventricular origin In bundle branch block, 
extrasystolic complexes do not ordinarily differ from those recorded m cases 
which show no evidence of defective intraventricular conduction It seems, 
therefore, that the peculiar form of these extrasystolic ventricular complexes 
supports the idea that there was a toxic depression of the conductivity of 
the Purkinje system 

In this connection, we may remark that the form of the extrasystolic com- 
plex IS not without importance in interpreting electrocardiographic abnor- 
malities It IS true that ventricular extrasystoles give rise to complexes of 
widely variable form, but in most instances it is possible for one who has 
read many electrocardiograms to say whether a given extrasystolic complex 
differs widely from the usual types that occur It seems to us hazardous to 
attribute curves of small amplitude or curves with long Q-R-S intervals to 
widespread lesions of the ventricular muscle of the ventricular conducting 
system when extrasystolic complexes of what might be termed “normal outline’’ 
occur in the same record Widespread lesions must affect the extrasystolic 
complex as well as the supraventricular complexes , and although small changes 



Fig S (Case 2) — Electrocardiogram taken immediately after that shown 
in Figure 5 The peculiar form of the extrasystolic complexes may be noted 

m the former cannot be recognized, great changes may be, especially when 
they are of the same class as those exhibited by the complexes of supra- 
ventricular origin We have seen several cases in which this has been possible 

III 

TRANSIENT COMPLETE BUNDLE BRANCH BLOCK 

Case 3 — History — Mother L, a nun, was referred to the Washington Uni- 
^erslty Heart Station for an electrocardiographic examination by Dr Joseph 
Larimore, whose notes on the history and physical examination are given here- 
with 

In Januarj, 1920, the patient complained of w'eakness and indefinite abdom- 
inal distress The spleen and the liver were enlarged, and the white blood 
cell count was 27,000 per cubic millimeter, 85 per cent of the white cells were 
pohmorphonuclear neutrophils The examination was otherwise negative 

The patient gave a histori of a bilious attack fifteen years before, of an 
acute arthritis of the right knee three jears before and of many attacks of 
sc\ere pTin in the chest, belie\ed to have been of cardiac origin, distributed 
o\er a period of three months, tw'o jears before In August, 1919, she was 
01 crcome hi the heat She had another attack of severe pain in the chest 
at this time In September, an indolent ulcer appeared on the right great toe 
and persisted for more than a month 

OpirnUon—K permephntic abscess was suspected, and operation was 
adiised A posterior incision reicaled a normal kidney The peritoneal 
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cavity was then opened by an anterior incision, and the spleen, which was 
very large and so completely infarcted that practically no normal splenic 
tissue remained, was removed The patient developed a right-sided pneumo- 
thorax following the operation, otherwise the postoperative period was 
uneventful 

Cowse — The nutrition and the general clinical condition improved gradu- 
ally until March, 1920, when the patient began to he troubled by ascites The 
abdomen was tapped three times at intervals of two weeks , on each occasion, 
about 80 ounces (2,400 c c ) of a straw colored fluid of low specific gravity 
was removed On each of the last two occasions, the left pleural cavity was 
also punctured and about 40 c c of fluid similar to that taken from the peri- 
toneal cavity was obtained After the third tapping, the patient began to 
have diarrhea, and this so favorably influenced the water balance that no 
more fluid accumulated in the serous cavities 

In May, there was an acute left axillary adenitis, associated with edema of 
the arm, which cleared up spontaneouslj’^ after about one week The patient 
had several attacks of acute gastro-enteritis The Wassermann reaction and 
the complement fixation test for tuberculosis were both negative (August 3) 
Several blod examinations were made, all revealing a marked leukocytosis 



Fig 6 (Case 3) — Sudden transitions from bundle branch block complexes 
to complexes suggestive of left ventricular preponderance, and vice versa 
These transitions were brought about by forced respiration Several complexes 
which followed Cycle 5 (Lead III) were removed in order to shorten the 
bottom strip of record 

In February, 1921, the patient was greatly improved She had been carry- 
ing on a large amount of administrative work and had no symptoms other than 
constipation, intense pruritis over the entire body, and slight edema of the 
ankles in the evening 

Fufthet Findings — ^The temperature and the blood pressure were normal, 
and the lungs and pleurae clear A soft systolic murmur was heard in the 
mitral area There was no ascites The liver edge was palpable 6 or 8 cm 
below the costal margin The urine contained a trace of albumin and a 
few granular casts The blood still showed a severe leukocytosis 

Two sets of electrocardiograms were made at this time The first curves 
were characteristic of complete right bundle branch block It was noted that, 
when the patient was asked to breathe deeply, a sudden change in the form 
of the electrocardiogram took place Figure 6 shows that the bundle branch 
block complexes suddenly gave place to complexes suggestive of left ven- 
tricular preponderance After a period of from a few seconds to a few min- 
utes, the bundle branch block complexes invariably returned All of the transi- 
tions took place suddenly 

At the time of the second examination, the patient was brought to the lab- 
oratory in a wheel chair (she had walked on the first occasion) , and the 
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bundle branch block complexes were not present They appeared, however, 
for a short time following mild exercise which consisted in from six to eight 
forward and sideward movements of the arms with a 5-pound dumbbell in 
each hand As on the first occasion, all transitions from bundle branch block 
complexes to preponderance complexes took place suddenly, no transitional 
complexes were observed at any time 

Comment — The sudden onset of bundle branch block is analogous to the 
sudden onset of complete aunculoventricular block, an instance of which is 
described in this article It differs in that it produces no symptoms and 
cannot be recognized without electrocardiographic records In this instance, 
there was a relation between the appearance and the disappearance of the 
block and the variations in vagal tone produced by forced respiration and by 
exertion In this respect, the case is similar to one reported by Wilson'* In 
that instance, however, complexes of transitional form occurred, and the onset 
of bundle branch block was accompanied by a shift in the location of the 
pacemaker 

IV 

STOKES-ADAMS ATTACKS DUE TO THE SUDDEN ONSET OF COMPLETE BLOCK 

Case 4 — Htstoty — Mr T H, an American coal miner, aged 39, was admitted 
to the University Hospital, April 4, 1922, complaining of pain in the right 
upper quadrant of the abdomen, shortness of breath and palpitation 

The patient gave a history of “inflammatory rheumatism” at the age of 18, 
in which the muscles of the legs were involved, but the joints were not red 
or swollen He was ill for four or five weeks No history of venereal disease 
was given, and the Wassermann test was negative 

The illness which brought the patient to the hospital began in September, 
1921, with pain in the right upper quadrant of the abdomen The pain was 
usuallv dull, but from time to time sharp stabbing pains were felt The pain 
was not related to the taking of food and alkalis did not relieve it It grad- 
ually grew worse, until in December he was forced to quit work After five 
weeks in bed, he felt better, but when he tried to work the pain returned 
He had never vomited The pain was never precordial or substernal and 
It never radiated into the left arm He had noticed some palpitation and 
shortness of breath since the onset of his illness 

Examination — Except for the cardiac abnormalities noted below, the physi- 
cal examination was entirely negative The apex beat was in the fifth inter- 
space, 12 5 cm from the midlme There Avas no increased dulness to the 
right of the sternum There was a conspicuous systolic thrill at the aortic 
cartilage and in the suprasternal notch Auscultation disclosed a rough aortic 
SAStolic murmur and a blowing aortic diastolic murmur A mitral systolic 
murmur yas also heard The pulse showed no abnormalities, the radial 
artery uas moderatelj sclerosed The systolic blood pressure was US, the 
diastolic, lOa Orthodiagraphic examination revealed a transA^ersely placed, 
enlarged rentricular shadow, the aorta appeared to be lengthened and tortuous 
The right border of the heart shadoiv measured SO mm, the left border, 
105 mm , from the midline A roentgen-ray examination of the gastro-intestinal 
tract show ed a tw entj -four hour appendiceal shadow and abnormal irrita- 
bilit\ of the duodenal cap 

Diagnosis The roentgenologist made a tentative diagnosis of duodenal ulcer 
or chronic appendicitis, but his findings were too vague to be conclusive There 
was a slight secondary anemia The urine was normal 


4 Wilson, F N A Case in Which the Vagus Influenced the Form of 
the Ventricular Complex- ot the Electrocardiogram, Arch Int Med 16 1008, 
1915 



WILSON-HERRMANN— HEART BEAT 


931 


The provisional diagnosis was rheumatic heart disease with aortic insuf- 
ficiency, and possibly aortic stenosis and slight cardiac weakness The pain 
was believed to be the result of some intra-abdommal condition, probably 
duodenal ulcer, but the possibility that it was a cardiac pain of unusual distri- 
bution could not be ruled out 

Chmcal Couise — Shortly after the patient entered the hospital, he began to 
have attacks of Stokes- Adams syndrome of varying severity In the milder 
attacks, the pulse disappeared for four or five seconds, the respirations deep- 
ened, the face became intensely flushed and consciousness was momentarily 
lost In the longer attacks, the cyanosis and dyspnea were more conspicuous, 
and convulsions of a clonic type occurred The patient often had fifteen or 
more attacks in as many minutes, and he had as many as thirty-four attacks 
in one day Between April 6 and June 24, he had one or more attacks on 
thirty-six days and was free of attacks on forty-four days He was often 
free of attacks for several days in succession (April 6-13, April 17-24, and 
May 15-29), and then had attacks daily for a similar period (April 25-29, 
April 30-May 5, June 6-12) 

In Mew of the great irregularity with which the attacks occurred ,it was 
difficult to determine the effect of various procedures on them Epinephnn 
chlorid in doses of 15 minims of a 1 1,000 solution intramuscularly appeared 
to relieve the patient on a few occasions May 4, he had several minor attacks 
at 3 p m , epinephnn was given immediately, and at 3 30 p m , the pulse 
rate was 68 per minute and the rhythm was regular At 6 p m , there was 
a recurrence of attacks , the heart rate was 36 per minute, and the pulse was 
weak and irregular Epinephnn was given at once, at 6 05, the pulse rate 
was 40, at 6 10, 48, at 6 15, 60, and at 6 30, 72 It is questionable whether 
the change in pulse rate should be ascribed to the drug, since similar changes 
m pulse rate occurred with a disappearance of the attacks on other occasions, 
when no epinephnn was given On several occasions, atropin sulphate in 
doses of one-fiftieth gram was given hypodermically, but it produced no 
obvious effect From May 18 until June 24, barium chlorid in doses of one- 
half grain was given, three times daily by mouth This drug was given on 
the advice of Dr S A Levine, who pointed out to the authors that certain 
experimental work on barium indicated that it might enhance the idioven- 
tricular rate and possibly prevent ventricular standstill In this instance, it 
had no effect on the frequency of the attacks 

During the patient’s stay in the hospital, he had several attacks of severe 
abdominal pain, requiring morphin, and he suffered at intervals from less 
severe distress in the epigastrium that seemed to be relieved by antacids and 
an ulcer diet The patient left the hospital, June 24, somewhat improved, 
but a follow-up report states that he died suddenly while at table, September 8 

When the patient entered the hospital, no facilities for taking graphic 
records were available Early in June, an electrocardiographic outfit was 
installed, and records were made on several occasions On two of these 
occasions, the patient was having attacks 

Electrocardiogi aphic Records — The records made when the patient was free 
of attacks show a normal aunculoventricular sequence, with a slight prolonga- 
tion of the P-R interval which measures 022 second (Fig 7) The ven- 
tricular complexes are abnormal in form and show a decided prolongation of 
the Q-R-S interval, which measures 0 13 second 

June 10, a record was made while the patient was having severe attacks 
It shows the end of one period of ventricular standstill and major part 
of another (Fig 8) This record is tabulated below Only R-R intervals 
are given except during the periods of ventricular standstill, when P-P inter- 
vals are given In this as in those tabulations which follow, the letter R 
indicates that the corresponding ventricular complex occurs in response to 
an auricular stimulus , idioventricular beats which gave complexes of the 
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supraventricular type are represented by the letters Ivc, complexes of ven- 
tricular origin but of abnormal form are represented by the letters Abe When 
the origin of a ventricular complex is uncertain, the corresponding symbol is 
followed by a question mark The intervals given are correct within 0 04 second 

Record Made lune 10 P, 0 60, P, 0 56, P, 0 52, P, 0 56, P, 0 52, P, 0 50, 
P, 052, P, 052, P 026, Abe, 024, P 052, P, 016, R, 048, R, 049, R, 049, 
R, 049, R, 049, R, 049, R, 050, R, 052, R, 058, R, 0 64, R, 066, R, 078, 

R, 097, R, 104, P, 104, P, 0 92, P, 060, P, 060, R, 056, P, 052, P, 0 52, 

P, 0 52, P, 052, P, 052, P, 0 52, P, 050, P, 052, P, 048, P, 0 52, P, 048, 

P, 052, P, 048, P, 050, P, 048, P, 048, P, 048, P, 048, P, 048, P, 048, 

P, 048, P, convulsion 



c f 7, —Electrocardiogram taken when the 

Stokes- Adams attacks 


patient was free of 


The record begins with nine isolated auricular complexes followed by an 
abnornml ^entrlcular complex, indicating the formation of an impulse in one 
o the loner xentncular centers The normal mechanism is then resumed 
after sixteen C 3 cles of normal aunculo%entricular sequence, another period 

ti ^entricular'inac- 

tiMU, the patient had a conMilsion and nithdrew his hands from the immer- 

Slonmr oT th standstill is preceded b^ conspicuous 

s owing of the auricular rate, but there is no change in the P-R interval 
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During the period of ventricular standstill, the auricular rate rapidly rises, 
this IS usual,” and is probably the result of a decrease in vagal tone dependent 
on the fall m blood pressure 

There can be no doubt that the ventricular standstill was brought about 
by the abrupt onset of complete heart block As is well known the ventricular 
centers require a certain length of time to develop a rhythm, and consequently 
a period of ventricular standstill invariably results when the functional con- 
nection between auricles and ventricles is suddenly interrupted 

June 23, other periods of ventricular standstill were recorded , the attacks 
at this time were of a milder type The records obtained are tabulated below 
Only R-R intervals are given 

Records Obtained June 23 6 20, Ivc, 104, R, 0 48, R, 0 52, R, 048, 

R, 052, R, 052, R, 048, R, 052, R, 072, R, 072, R, 096, R, 088, R, 084, 

R, 096, R, 072. R? 156, Abe, 060, R> 164, Abe, 080, R, 064, R. 164 
Abe, 084 R, 056, R, 0 64, R, 172, Abe 116, R, 0 76, R, 084, R, 0 84, 
R, 092, R, and twenty-one other normal ventricular complexes 

232, Ivc, 096, R, 052, R, 052, R, 052, R, 0 56, R, 0 64, R, 080, R, 088, 

R, 180, Abe, 468, R’ 060, R 056, R, 060, R 0 92, R, 076, R, 464, Ivc, 104, 

R, 0 52, R? 084, R, 0 80 



p f , P -- i> - ^ P-C P 




J It. - , - 1 M 



Fig 8 (Case 4) — Lead I top record The end of a period of ventricular 
standstill, middle record the beginning of a long period of ventricular stand- 
still (taken, June 10, 1922) , bottom record a period of very mild attacks 
(taken June 23) 

R, 068, R, 072, R, 312, Abe, 168, Abe, 244, Ivc, 080, R, 064, R, 076, 
R, 320, Abe, 068, R, 0 68, R, 068, R, 084, R, 092, R, 240, Ivc, 220, 
Ivc, 216, Ivc, 0 92, R, 060, R, 072, R, 0 76, R, 232, Ivc, 216, Ivc, 052, 
R? 0 72, R, 068, R, 076, R, 088, R, 088, R, 232, Ivc, 216, Ivc, 208, 
Ivc, 096, R, 0 60, R, 072, R, 080, R, 176, Abe, 096, R, 216, Ivc, 056, 
R? 188, Ivc, 212, Ivc, 052, R? 068, R, 068, R, 076, R, 220, Ivc, 212, 
Ivc, 052, R? 070, R, 068, R, 084, R, 220, Ivc, 208, Ivc, 088, R, 072, 
R, 0 84 

R, 0 72, R, 0 76, R, 0 80, R, 212, Ivc, 0 60, R (aberrant), 192, Ivc, 0 60, 
R, 0 80, R, 076 

R, 080, R, 088, R, 204, Ivc, 084, R, 200, Ivc, 088, R, 196, Ivc, 200, 
Ivc, 076, R, 068, R, 0 72, R, 084, R, 208, Ivc, 180, Abe, 112, R, 064, 
R, 0 72 


5 Wilson, F N , and Robinson, G C Heart Block II Transient Com- 
plete Heart Block with Numerous Stokes-Adams Attacks, Arch Int Med 
21 181 (Feb) 1918 
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Comment — The mild nature of the attacks at this time was due, first, to 
the irregular formation of impulses by one of the lower ventricular centers, 
and later to the development of an idioventricular rhythm, a center situated 
above the bifurcation of the His bundle acting as pacemaker All of the 
longer periods of ventricular standstill occurred at the beginning of the period 
of observation The natural period of the Ivc center appears to have been 
about 2 0 seconds, while that of the Abe center was about 1 6 to 1 8 seconds 
(Fig 8) The latter would probably have acted as pace-maker had it been 
able to produce impulses regularly The irregular formation of impulses by 
some of the lower ventricular centers appears to be a common phenomenon 
when periods of ventricular standstill occur in rapid succession It is pos- 
sible that mechanical factors associated with the overdistension of the ven- 
tricles or with the auricular contractions may play a part m their initiation 
These records suggest that there was a reciprocal relation between the severity 
of the attacks and their frequency A number of attacks of ventricular stand- 
still in close succession allowed the idioventricular rhythm to develop 

The cause of the sudden onset of complete block is not clear A case 
identical with ours has been reported by Lewis , “ in a somewhat similar case, 
Cohn, Holmes and Lewis " on histologic examination of the heart, found large 
blood sinuses in the A-V bundle It seemed probable that transient engorge- 
ment of these sinuses might have led to the sudden attacks of heart block 
which were observed during life 


6 Lewis, T Lectures on the Heart, New York, 1915 

7 Cohn, A E , Holmes, G M , and Lewis, T Heart 2 241, 1909-1910 
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